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The finest apparatus covering 
all fields of anaesthesia is 
designed and manufactured 
by M.L.E. 


Our expert knowledge 
is at all times 

at your disposal and is 
backed by a degree of 
service second to none. 


Your requests will receive 


prompt attention. 


ir 


Call, telephone or write 


MEDICAL & INDUSTRIAL EQUIPMENT LTD. 


SPECIALISTS IN ANAESTHETIC APPARATUS & SURGICAL INSTRUMENTS 


10 & 12 NEW CAVENDISH STREET, LONDON W.1 
Telephone : WELbeck 1851 and 1504 Telegrams : Narccsis, Wesdo, London 


MANCHESTER, 152-154 Oxford Road TORONTO, CANADA, 132, St. Patrick Street 
Phone: Ardwick 5906 Phone : WALNUT 3-3845 
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an analgesic superior to morphine | 


NARPHEN is a new, potent analgesic with 3 to 10 times the pain-relieving 
power of morphine. Being a true analgesic, sedation, hypnosis and narcosis 
are markedly less than with morphine or pethidine. 

Narphen is valuable for relieving severe and persistent pain when to impair 
consciousness or mental clarity would be undesirable. With Narphen, 
degrees of sedation and hypnosis can be controlled separately, irrespective 


of the depth of pain. 

Narphen has fewer and less serious side-effects than morphine. It causes 
less hypotension and respiratory depression. Nausea, vomiting and 
constipation are rare. 


@ 3-10 times more powerful 

@ quicker-acting and longer-lasting analgesia 
@ milder and fewer side-effects ° 

@ less physical dependence 


in emergencies—After accidents and in orthopaedic and cardiac 
emergencies, Narphen gives quick and certain relief of acute, severe 


pain, with minimum sedative effect 


as an adjunct to anaesthetics—pre-operatively 
and during operation 


in post-operative pain and restlessness—Narphen 
reduces pain perception during the recovery period with 
a minimum of respiratory or cardiovascular effect 


in obstetrics—Narphen reduces pain and apprehension during 
labour without interfering with uterine contraction 


Narphen is snp brand phenazocine (2’-hydroxy-5,9-dimethyl-2- 
“Narphen’ is a trade mark of phenethy!-6,7-benzomorphan hydrobromide) 
es —— _ NARPHEN is presented in 1.1 ml. ampoules each containing 2 mg. phenazocine 


hydrobromide per ml. in aqueous solution. 
In boxes of 10 and 100 ampoules. Basic N.H.S. cost 15/- and 120/-. 
Exempt from Purchase Tax. 


Smith & Nephew Pharmaceuticals Limited 
WELWYN GARDEN CITY - HERTFORDSHIRE 
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brief duration 
with 
rapid recovery. . . 


‘BRIETAL SODIUM’ 


TRADE MARK 
METHOHEXITAL SODIUM 


A new intravenous barbiturate for in- ‘Brietal Sodium’ is supplied 
P in ampoules each containing 

duction of operative gm. The avernge 

procedures of short duration. Recovery 50-100 mg. in a 1% solution. 

is exceptionally rapid, clear-headed 

and safe. Aqueous solutions are highly Full particulars will be 

stable. : forwarded on request. 


EL! LILLY AND COMPANY LIMITED - BASINGSTOKE . ENGLAND 
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THE INTERNATIONAL MEDICAL ABSTRACTING SERVICE 


EXCERPTA MEDICA 


AMSTERDAM — NEW YORK 


If you are not already familiar with the far-flung medical abstracting services provided 
exclusively by Excerpta Medica, write today for a free brochure describing the contents 
of the twenty-one classified sections which are being published every month. 

More than 100,000 abstracts will be supplied by Excerpta Medica this year. More than 
2,000 medical journals in fifty-seven languages will be tapped for information. Hundreds 
of clinical procedures and new viewpoints will be presented that otherwise would not be 
available to physicians and research workers, Each section concentrates upon one major 
medical specialty. 


Address your requests to our sole distributors for Great Britain and the Commonwealth 
(excluding Canada and South Africa) 


E. & S. LIVINGSTONE, LTD. Teviot Place, Edinburgh, 1 


The best of SURVEY OF 
current literature Anesthesiology 


in br ief Edited by C. RONALD STEPHEN. First published 1957. 


A bimonthly survey of worldwide literature relating to 


Published bimonthly, one anesthesiology, in succinct condensations to which are 
beginni appended pithy editorial comments. The logical solution 

ve =e to the doctor’s dilemma of more and «nore 'iterature and 

February. Volume 5 current less and less time in which to read it. 

in 1961. Subscription price Organized under the following headings: Editorial. 
Pharmacology. Physiology. Biocheniistry. Metabolism. 

per yearly volume: $10.00, Techniques. General Anesthesia. Spinal and Regional 

US.; $10.25, Canada; Anesthesia. Pediatric Anesthesia. Geriatric Anesthesia. 


Preoperative Care. Postoperative Care. Classical File. 
£4 6s, (including postage) 
all other countries. THE WILLIAMS & WILKINS COMPANY 
Baltimore 2, Maryland, U.S.A. 


Available in the BAILLIERE, TINDALL & COX,LTD. 


United Kingdom from: Tand8 Henrietta Street, Covent Garden, London, W.C,.2 
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aesthesia 


This address is more than a familiar name to anaesthetists the world over. 
On display are examples of all the anaestnetic apparatus, 
resuscitation and oxygen therapy equipment and accessories supplied 
by British Oxygen — of which demonstrations can readily be given. 
And here is helpful information about the whole British Oxygen medical 
range. There is also a comprehensive anacsthetic reference 
library open to all visitors... a special display of interesting early 
equipment .. . facilities for the loan of equipment and lecturing aids for 
speakers ... and an experimental workshop actually on the premises. 
Please call and see us. You are always welcome at No. 27. 


THE BRITISH OXYGEN COMPANY LIMITED 


MEDICAL DEPARTMENT - 27 DEVONSHIRE STREET - LONDON, W.1 - TELEPHCNE: WELbeck 2202 
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in premedication... 


an extended range of 


In response to requests by anaesthetists, the ‘Pamergan’ series has been extended. 
There are now five carefully selected combinations of promethazine and pethidine, with or 


without scopolamine or atropine. 
‘Pamergan’ solutions obviate 


A the necessity of mizing two or more ampoules before use, 
B __ the discomfort of large or multiple injections 
and are intended for use in: 


@ PRE-ANAESTHETIC MEDICATION 
@ OBSTETRICAL ANALGESIA AND AMNESIA 


@ SEVERE PAIN 


PRESENTATIONS 


‘Pamergan’ P.100 Formula ‘Pamergan’ 8.P.100 Formula 

Pethidine Hydrochloride B.P. 100 mg. Scopolamine Hydrobromide B.P. 0-43 mg. 
Promethazine Hydrochloride B.P. 50 mg. Pethidine Hydrochloride B.P. 100 mg. 
(in each 2 ml. ampoule) Promethazine Hydrochloride B.P. 50 mg. 


‘Pamergan’ P.100/25 Formula (NEW) Fe 


Pethidine Hydrochloride B.P. 100 mg. ‘Pamergan’ AP.100/25 Formula (NEW) 

Promethazine Hydrochloride B.P. 25 mg. Atropine Sulphate B.P. . 0-6 mg. 

(in each 1 ml. ampoule) Pethidine Hydrochloride B.P. 100 mg. 

‘Pamergan’ SP.50 Formula Promethazine Hydrochloride B.P, 25 mg. 
(in each I ml. ampoule) 

Scopolamine Hydrobromide B.P. 0-43 mg. 

Pethidine Hydrochloride B.P. 50 mg. 

Promethazine Hydrochloride B.P. 50 mg. 

(in each 2 ml. ampoule) 


Detailed information is available on request 


MANUFACTURED BY 
MAY & BAKER LTD ® 


AN M&B BRAND MEDICAL PRODUCT 


MA7762 


DISTRIBUTORS: PHARMACEUTICAL SPECIALITIES (MAY & BAKER) LTD - DAGENHAM 
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Cyprane 


specialise in 


PRECISION ANAESTHETIC APPARATUS 


The present standard products are as follows : — 


@ CALIBRATED VAPORIZERS for volatile anaesthetic agents. 


FLUOTEC ... for “Fluothane” 
(standard range 0-5%—4-0%). 


TRITEC abe ... for “Trilene” 

(standard range 0-5%—1-5%). 
CHLOROTEC ed ... for Chloroform 

(standard range 0-5%—S5-0%). 
AZEOTEC ... hee ... for the azeotropic mixture of “Fluothane” 

with ether. 


@ TECOTA MARK 6 INHALER for analgesia set to give 0-5% Trilene in air 
and approved for use by Midwives. 


@ THE CYPRANE INHALER ...._ for “Trilene” analgesia in midwifery and 
minor surgery. 


@ A.E. GAS-OXYGEN Apparatus forthe administration of nitrous oxide/oxygen 


(range 0—100%) in Dental and General 
anaesthesia. 


Cyprane Limited 


HAWORTH, KEIGHLEY, YORKSHIRE 
(Telephone: Haworth 3286) 


“Trilene” and “Fluothane” are the registered trade marks of Imperial Chemical Industries Ltd., 
and “Vinesthene” is that of May & Baker Ltd 
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The CYCLATOR Type P Mark 1 is an intermittent positive pressure 
lung ventilator of the pressure cycling controller type. It is intended 
mainly for use on the open circuit of a Boyle type anaesthetic 
apparatus for automatic controlled respiration. Controls are provided 
permitting variation of lung inflation pressure up to 35 cms. H2O, and 
expiratory time between 4} second and 30 seconds. 


FOR DETAILED INFORMATION PLEASE GET IN TOUCH WITH: 


THE BRITISH OXYGEN COMPANY LTD O 


MEDICAL DEPARTMENT, SPENCER HOUSE, 27 ST. JAMES'S PLACE. LONDON S.W.1 
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primarily 
peripheral... 


--- describes the action of 
“‘VASOXINE’, the pressor agent which 
does not increase cardiac output 


*Vasoxine’ produces a rapid, prolonged, and power- 
ful rise in blood pressure without cardiac or cerebral 
stimulation. It acts within 1 to 2 minutes after 
intravenous injection, and about 20 minutes after 
intramuscular injection, the action being main- 
tained for an hour or more. 

Tachycardia is not produced by ‘Vasoxine’; rather 
does it cause bradycardia, thus sparing the heart 
muscle. 

Because of its unique properties it is especially 
indicated in hypotension after spinal anaesthesia, 
and in cyclopropane or halothane anaesthetised 
patients. 

‘Vasoxine’ is available in boxes of 5 and 25 
ampoules of 1 c.c., each containing 20 mgm. 
methoxamine hydrochloride. 


“VASOXIN E? 


Injection of Methoxamine Hydrochloride 


bral BURROUGHS WELLCOME & CO. LONDON 
(The Wellcome Foundation Ltd) 
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NOTICE TO CONTRIBUTORS 


This Journal is for the publication of original work 
in all branches of anaesthesia, including the applica- 
tion of basic sciences. The March and September 
issues deal mainly with material of educational value. 

Papers. Papers are accepted on the understanding 
that they have not been and will not be published 
in whole or in part in any other journal, They are 
subject to editorial revision. Manuscripts should 
indicate the title of the paper, the name, qualifications 
and full address of the author, and be in double-spaced 
typing on one side only of quarto paper with a wide 
margin. 

Abbreviations, Weights and Measures. Abbreviations 
should follow the convention adopted by the Journal 
of Physiology. Weights and measures, dosages, etc., 
should be expressed in the metric system. 

Tables. All tables should be on separate sheets, 
and be capable of interpretation without reference to 
the text. 

Illustrations. Photographs should be unmounted, 
glossy prints. Drawings, charts and graphs should be 
in black indian ink on white paper. All illustrations 
should be clearly numbered with reference to the text 
on the back and should be accompanied by a suitable 
legend. The name of the author and title of the 
paper should also be written on the back of the illus- 
trations. 

References. There should be a table of references 
at the conclusion of the paper. These references 
should be arranged according to the Harvard system 
and in alphabetical order, Abbreviations in the 
references should be according to the World List of 
Scientific Publications. 


in the Harvard system, in the text the year of publi- 
cation must follow the author’s name, more than one 
paper in any one year being indicated by a small letter 
(a, b, c) after the date. In the references, the order 
should be: author's name, followed by initials; year 
of publication in parentheses; title of paper to which 
reference is made; title of publication underlined with 
a single line (to indicate italics) and abbreviated in 
accordance with the World List of Scientific Periodi- 
cals; volume number in arabic numerals, underlined 
with a wavy line (to indicate bold face); the number of 
the first page in arabic numerals; thus: Howell, T. H.., 
Harth, J. A. P., and Dietrich, M. (1954). The use of 
chlorpromazine in geriatrics. Practitioner, 173, 172. 

In the case of books, the reference should be as 
follows: name of author and initials; year of publi- 
cation in parentheses; title of the book; number of 
edition; page number; town of origin; publisher; 
e.g.. Hewer, C. L. (1948). Recent Advances in Anaes- 
thesia and Analgesia, 6th ed., p. 120. London: 
Churchill. 

The British Journal of Anaesthesia should be 
referred to in the references as Brit. J. Anaesth. 

Proofs. Proofs will be sent to all contributors. 
These should be corrected and returned to the Joint 
Editors within forty-eight hours. 

Reprints. Twenty-five reprints of articles will be 
dispatched to the authors after publication. Further 
reprints can be supplied if application is made when 
the proofs are returned. 

Copyright. Papers which have been published 
become the property of the Journal and permission to 
republish must be obtained from the Editors. 
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“1 would have everie man write what he knowes and no more.”— MONTAIGNE 


BRITISH JOURNAL OF ANAESTHESIA 


VOL. XXXIII, No. 1 


JANUARY 1961 


EDITORIAL 


POSTOPERATIVE CARE 


It sometimes happens that members of the 
medical staff of a hospital, forsaking their cus- 
tomary role and unmindful of the advice that 
“Every cobbler should stick to his last”, become 
patients in the hospital on the staff of which they 
have served. It gives them a different point of 
view, widens their horizon and should enhance 
their value as administrators. As such they are 
responsible for the rules and generally speaking 
for the organization of the hospital’s medical 
services. Now, as patients, they see these rules in 
action and in this role it is probable that they 
will feel that these rules—their rules—are not 
adequate to the patient’s need. As the skill and 
kindness with which patients are now treated is of a 
very high order, we cannot expect changes here; 
so it is rather in the organization of the services 
provided that there appears a possibility of im- 
provement. The amount of pain or discomfort 
a patient will suffer postoperatively depends on 
the nature of the operation and on that of the 
patient. Not even a sedative is required after many 
a straightforward appendicectomy, for, example; 
whilst a patient who has had a high abdominal 
operation, a maladjusted plaster of Paris splint, 
a prostatectomy or a mastectomy may call 
urgently for relief. The nurse reports the call. 
The staff nurse cannot give dangerous drugs 
unless they have been signed for by a qualified 
doctor. (Your rule.) The house surgeon has been 
allocated to the accident room and may not leave. 
(Your rule.) His substitute has just washed up 
for an operation and so cannot come; the second 
substitute is a trainee and is not qualified to sign 
for dangerous drugs. However, sooner or later 
(and to the patient whose agony is increasing it 
seems later) the prescription is signed and the 
injection given. In the meantime the patient has 
had an hour’s unnecessary pain. When relief is 
a long time coming, the imaginative patient 


wonders if “they” have forgotten all about him 
and if relief will come before disaster, and 
so anxiety enhances pain. Again coming round 
from the anaesthetic the patient finds himself in 
an uncomfortable position, but any attempt to 
move is so painful as to be impossible. His right 
arm is splinted for the drip and his left cannot 
reach the bell even if there is one. “How long 
shall I have to wait before nurse comes?” he 
wonders. However short a time it may be, it seems 
long. 

Is this making a mountain out of a molehill, 
or can we do better? In sum it means hundreds 
of hours of unnecessary pain. What’s the remedy? 
The anaesthetist who has half a c‘ozen cases to 
anaesthetize in the morning and often another 
half-dozen in the afternoon at a hospital miles 
away cannot attend to their after care. There are 
resident anaesthetists in all large teaching hos- 
pitals, but they also are occupied in the operat- 
ing theatre. One solution would be the appoint- 
ment of a special officer of the grade of S.H.O. 
whose sole duty would be to attend those who 
have recently been operated on. This man should 
be an anaesthetist, as he is the man most inter- 
ested in and presumably skilled in preventing 
pain. He must, of course, have the full confi- 
dence of the surgeons, as it is with their patients 
that he will be dealing. Such duty could be taken in 
turn by the resident anaesthetists for, say, periods 
of three months. Such a scheme should afford 
great satisfaction not only to the patients but also 
to the man doing the work. He would be wel- 
comed by all, would gain excellent experience in 
postoperative care and his interest in the prob- 
lems concerned with this important aspect of 
anaesthesia would be stimulated. Thus he would 
be afforded a fruitful field for research. 

Whatever we do, we cannot hope to eliminate 
all pain: perhaps that is as well. A P.R.CS., if 
memory serves one aright, once said that pain 
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was a good thing for us! This sounds rather on 
the same lines as the bishop who told us that war 
was a good thing, “Watered by war’s red rain 
virtue grows, a cannonade is an oratorio”, almost 
a form of worship. This latter view is as out of 
date as the former is unpopular. 

Perhaps we should all consider carefully 
whether, in fact, in our hospitals we are doing 
enough to relieve postoperative pain. 


BERNARD JOHNSON MEMORIAL 
The following letter, which appeared in the last 
issue of the Journal, is reprinted as a reminder 
to our readers: 
Sir,—An appeal for funds to set up a memorial 
to Bernard Johnson was launched last March. It 
was hoped at that time to raise the sum of 
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£6,000, which would cover the cost of a 
memorial plaque to be placed in the Research 
Laboratories of the Faculty and to endow the 
salary of the Faculty Adviser in Postgraduate 
Studies. To date approximately £3,000 has been 
raised, which falls some way short of the mini- 
mum required for this endowment. 

An anonymous donor has most generously 
offered to match any further donations received 
before March 27, 1961, when the fund will be 
closed. Should any of your readers wish to sub- 
scribe, or to add to their previous donations, 
their contributions should be addressed to me at 
the Faculty of Anaesthetists, Royal College of 
Surgeons of England, Lincoln’s Inn Fields, 
London, W.C.2. 

GEOFFREY ORGANE, 
Dean, Faculty of Anaesthetists, 
Royal College of Surgeons. 


BOOK REVIEW 


General Anaesthesia for Dentistry. By J. 
McNaught Inglis, M.B.,Ch.B., F.F.A.R.C.S., 
D.A., Consultant Anaesthetist, United Bir- 
mingham Hospitals, Lecturer in Anaesthe- 
tics, School of Dental Surgery, University of 
Birmingham; and Victor Campkin, M.B., 
B.S., F.F.A.R.C.S., D.A., Department of 
Anaesthetics, Queen Elizabeth Hospital, 
Birmingham. Published by Edward Arnold 
(Publishers) Ltd., London. Pp. 88. Price 
10s. 6d. 

Here is another contribution to the recent litera- 

ture of general anaesthesia in dentistry, and a 

commendably priced one too, considering it is 

designed primarily for undergraduates. The test 


is developed around the theme that anoxia need 
not be the inevitable concomitant of general 
anaesthesia in the dental chair. Nitrous oxide and 
oxygen alone receive scant praise, whilst sup- 
plementation normally with trichloroethylene but 
occasionally with a  thiobarbiturate, is the 
recommended basis of the author’s “balanced 
anaesthesia”. This small book contains much 
common sense and will be of value to those 
embarking on their first dental anaesthetic. 
Potted physiology has its disadvantages, however, 
and some of its readers may well be confused, 
if not misled, by the description of the uptake 
and elimination of anaesthetic agents from the 
lungs. W. D. Wylie 
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Bnit. F. Anaesth. (1961), 33, 3 


ALTERATIONS IN RESPONSE TO SOMATIC PAIN ASSOCIATED 
WITH ANAESTHESIA 


V. THE EFFECT OF PROMETHAZINE 


ALTHOUGH it has never been claimed that the 
phenothiazines have an analgesic action compar- 
able to that of the opiates, it is frequently inferred 
that they have some effect on pain. They are 
widely used to potentiate analgesic drugs in the 
management of intractable pain and have enjoyed 
great popularity in the treatment of the terminal 
stages of malignant disease. 

Apart from their anti-emetic effect, the rationale 
of the pre-operative use of the phenothiazines has 
never been clearly defined. Here they are usually 
administered in combination with analgesics and 
their sedative and tranquillizing properties are 
considered to be highly desirable. This popularity 
is evidenced by the marketing of the “Pamer- 
gan” preparations which contain pethidine and 
promethazine. When these first became available 
the authors were evaluating a method of analgesi- 
metry, using pethidine 100 mg as the standard 
drug. It was expected that Pamergan P.100 (pethi- 
dine 100 mg and promethazine 50 mg) would 
produce a more marked and consistent degree of 
analgesia than pethidine alone. As will be shown 
later, this was not the case and this surprising 
finding led us to study the effects of promethazine 
50 mg and the above mentioned mixture in more 
detail. 

This paper reports the results of this study and 
compares the findings with those reported for 
pethidine alone by Dundee and Moore (1960). 
For the sake of clarity, the mixture of pethidine 
100 mg and promethazine 50 mg is referred to by 
its proprietary name of “Pamergan P.100”. 


METHOD 


All observations were made in patients prior to 
the induction of anaesthesia and where the intra- 


muscular route was employed, atropine 0.6 mg 


was given in addition to the drug under study. 
3 


BY 


JAMES Moore AND JOHN W. DUNDEE 
Department of Anaesthetics, The Queen’s University of Belfast, Northern Ireland 


(This is known to have no appreciable effects on 
the readings.) The patients’ reaction to pain was 
measured by the application of variable pressure 
to the anterior surface of the tibia and two end- 
points were elicited: 

(1) threshold: first appreciation of pain. 

(2) response: pain unbearable. 

The technique and reliability of this method 
of analgesimetry has been previously described in 
detail by Dundee and Moore (1960). 


RESULTS 


Promethazine. 

The effect of the intravenous injection of pro- 
methazine 50 mg on pain threshold and response 
readings in five patients is shown in figure 1. This 
injection was followed by a high incidence of 
restlessness which limited the number of observa- 
tions but it can be seen that it resulted in a con- 
sistent increase in sensitivity to pain. 

Studies were carried out at varying intervals 
following its intramuscular use in 42 patients 
(fig. 2). These also demonstrated a high incidence 
of increases in sensitivity to pain which were de- 
tected 20 minutes after administration and per- 
sisted for as long as 3 hours. 


Comparison with pethidine. 

Figure 3 compares the percentage incidence of 
the effects of the intramuscular injection of 50 
mg promethazine with the data for pethidine 100 
mg referred to above. This figure does not include 
patients in whom the alteration in readings was 
within the accepted experimental error of the 
method used in the studies and it shows that the 
effect of the two drugs appears to be antagonistic 
and the duration of their action is similar. 

It was possible consistently to demonstrate an 
antagonism of pethidine-induced analgesia by 
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Response” 


20 


os 3035 
TIME IN MINUTES 


Fic. 
The effect of the intravenous injection of 


0 $ © 30 35 
TIME IN MINUTES 
: romethazine 50 mg on pain 


threshold and response readings. ain Oy refer to dosage in mg/kg body 
weight. 


promethazine and one such finding is shown in 
figure 4. The blood pressure and the heart rate 
are shown in this figure in view of a previous 
observation that marked hypotension interferes 
with the reliability of the readings. 


Pamergan P.100. 

This mixture was administered intravenously to 
six patients and produced no consistent pattern 
of change in the pain readings (fig. 5). Likewise 
when the intramuscular route was used in 60 
patients (fig. 6), the results were very inconclusive 
and it seemed that the antagonism between the 
constituents demonstrated in figures 3 and 
4 produced a mixture which had no effect on the 
appreciation of pain. No relationship between 
dosage and effect can be demonstrated in figure 6. 

However, it was shown by Dundee and Moore 
(1960) that the response to the intramuscular 
injection of pethidine 100 mg, as measured by the 
method used in this study, varied with the patients’ 
initial control threshold reading. This was more 
consistent and marked in those subjects who had 
a low initial pain threshold. The incidence of 
changes with pethidine 100 mg and Pamergan 
P.100 related to dosage and the patients’ control 
reading is shown in figure 7 and the significance 
levels of the differences between the drugs is given 
in table I. This demonstrates that with low dosage 
of Pamergan (in mg/kg) the “anti-analgesic” 


action of the promethazine appears to more than 
counteract the analgesic effect of the pethidine. It 
suggests that a more beneficial mixture which 
would retain some of the analgesic action of pethi- 
dine and yet contain sufficient promethazine to 
exert an anti-emetic effect might be achieved by 
a decrease in the amount of the latter drug. 


DISCUSSION 


In view of the widely held belief that the pheno- 
thiazines potentiate the action of analgesics, these 
findings were somewhat unexpected. They show 
that one member of this group of drugs (prome- 
thazine), rather than increasing the analgesic action 
of pethidine, markedly antagonized the effect of 
the analgesic on the patient’s appreciation of 
pain. 

Despite the enormous literature on the pheno- 
thiazines we are unable to find any concrete data 
showing that promethazine does, in fact, increase 
the action of analgesics, although this may occur 
with other phenothiazines (Courvoisier et al., 
1953; Hougs and Skouby, 1957). This has led 
the authors to extend their studies to include other 
phenothiazines and the findings will be published 
at a future date. A discussion on possible ex- 
planations of our findings will be reserved until 
our data is complete. 
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Alterations in pain threshold and response readings following the intra- 
muscular injection of promethazine 50 mg in 42 patients. 


- - - - Accepted range of error with the method of analgesimetry. 


we 
ae 
oe 
= 
30 
“uke 
e 
tS 
= 


BRITISH JOURNAL OF ANAESTHESIA 


6 
- PETHIDINE 
(IID — THAZINE 
+100) 
+80 144 
+60 
wre 
6 
i Promethazine 
a 
«< 4 
Qo 4 
N wo 
$0 4 
cared 
TIME MINUTES 
Fic. 4 
The effect of promethazine 50 mg (I.V.) on the 
analgesic induced by pethidine 100 mg given by intra- 
venous injection. 


Upper curve—pain response readings. 
Lower curve—pain threshold readings. 
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Percentage incidence of increases and decreases in pain 
threshold and response readings following intramuscular 
injection of pethidine 100 mg and promethazine 50 mg. 
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Fic. 5 
The effect of the intravenous injection of a mixture of pethidine 100 mg 
and promethazine 50 mg on pain threshold and response readings, Figures 
refer to dose of pethidine in mg/kg. 
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FIG. 6 


Alterations in pain threshold and response readings following the intra- 
muscular injection of Pamergan P.100 in 60 patients. 
Dosage (in mg/kg pethidine in mixture) indicated as follows: 

4 low dosage, under 1.5 mg/kg 

O medium dosage, 1.5-2.0 mg/kg 

X high dosage, over 2.0 mg/kg 
accepted range of error associated with the method of 
analgesimetry. 
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Correlation between the effect of various doses of 
pethidine and Pamergan, on the incidence of changes 
in appreciation of pain. Data was obtained from the 
effects on both threshold and response readings noted 

60 to 70 minutes after intramuscular injection. 
@ pethidine 
Pamergan P.100 
Dosage as for figure 6. 
Initial threshold—low : 6 units and under. 

high : over 6 units. 


SUMMARY 

Using a method of analgesimetry which employs 
the application of graded pressure to the tibia, 
the authors have studied the effect of promethazine 
50 mg, and a mixture of pethidine 100 mg and 
promethazine 50 mg (Pamergan P.100) on the 
appreciation of pain. The results have been com- 
pared with published data on the action of pethi- 
dine alone. 

Irrespective of the route of administration, 
promethazine consistently increased the patients’ 
sensitivity to pain ard its action was directly 
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TABLE I 
Significance levels of data presented graphically in 
figure 7. 


Difference between effects of 
threshold pethidine and Pamergan 
Low Low x7=11.53 df=1 P<0.001 
Medium ,?=16.75 df=2 P<0.001 
High x?=0.06 df=2 0.80>P>0.70 
High Low y?=7.04 df=1 P<0.01 
Medium ,?=0.29 df=1 0.70>P>0.50 


Initial Dosage 


opposite to that of pethidine. Pamergan P.100 
produced no consistent pattern of changes and had 
much less analgesic action than pethidine. 

The significance of these findings will be dis- 
cussed in a further publication when data from all 


the phenothiazines is available. 
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VENTRICULAR ARRHYTHMIA DURING HALOTHANE ANAESTHESIA 


BY 


MICHAEL JOHNSTONE AND H. I. A. NISBET 
Department of Anaesthetics, Royal Infirmary, Manchester, England 


VENTRICULAR arrhythmias have been observed 
during halothane anaesthesia and several theories 
concerning their cause have been advanced. 
Raventos (1956) provoked ventricular tachycardia 
by injecting intravenously an average dose of 
8.8 ug/kg of adrenaline into dogs anaesthetized 
with halothane; the intramuscular injection of 
considerably larger doses failed to upset cardiac 
rhythm. Hall and Norris (1958a) observed that a 
mean intravenous dose of 5.1 ug/kg of adrenaline 
or 24.6 yg/kg of noradrenaline caused fatal ven- 
tricular fibrillation in dogs anaesthetized with 
halothane; intramuscular doses of 262 y»g/kg of 
adrenaline or 167 pg/kg of noradrenaline did not 
cause fibrillation. 

Ventricular extrasystoles have not been reported 
during the straightforward induction and mainten- 
ance of anaesthesia with halothane in dogs. 
Asphyxia deliberately induced by respiratory 
paralysis from halothane overdosage has failed to 
cause ventricular disturbances, the heart rate re- 
maining regular and becoming progressively 
slower until it finally stopped in diastole a con- 
siderable time after the onset of apnoea. Prompt 
resuscitation at the time of respiratory arrest was 
followed by the rapid return of normal cardio- 
vascular and respiratory functions (Hall and 
Norris, 1958b). Graham, Hill and Nunn (1960) 
have studied the cardiovascular reaction to ex- 
treme hypercarbia in dogs anaesthetized with 
halothane and reported only minor electrocardio- 
graphic changes during the elimination of the 
carbon dioxide. Muir, Hall and Littleworth 
(1959) observed ventricular extrasystoles during 
halothane anaesthesia in underventilated cats 
and restored normal rhythm by assisting the res- 
piration; the addition of 5 per cent carbon dioxide 
to the inspired mixture prevented the return of 
normal cardiac rhythm and it was concluded that 
carbon dioxide retention caused ventricular 


extrasystoles in cats under halothane anaesthesia. 

Most clinical reports agree that halothane rarely 
causes ventricular arrhythmia. A large number of 
heart and lung operations performed under halo- 
thane anaesthesia has not provided any evidence 
of increased myocardial irritability (Hartung, 
1958; Conn, Allan and Junkin, 1959; Orton and 
Morris, 1959; Bull et al., 1959, 1960; Dawson, 
Theye, and Kirklin, 1960; Stirling et al., 1960; 
Robertshaw, 1960). The cardiac arrhythmias 
which occur during mitral valvotomy under halo- 
thane anaesthesia appear to be in no way different 
from those observed during nitrous oxide- 
relaxant anaesthesia (Pederson and Secher, 1958; 
Weimers and Heimpel, 1959). 

Despite the success of halothane in cardiac and 
pulmonary surgery some reports have illustrated 
the spontaneous appearance of ventricular arryh- 
thmias in patients under halothane anaesthesia 
for other types of operation, the arrhythmia 
varying in severity from isolated extrasystoles to 
multifocal ventricular tachycardia. Several theories 
have been advanced to explain their occurrence, 
including adrenaline infiltration (Russell, 1958; 
Millar, Gilbert, and Brindle, 1958; Brindle, 
Gilbert, and Millar, 1957) carbon dioxide 
retention (Johnstone, 1956), pre-operative ner- 
vousness and hyperadrenalinaemia (Apivor, 1960), 
and too rapid induction of deep anaesthesia 
(Dobkin, 1958). An electrocardiographic study by 
Delaney (1958) showed no ventricular extrasys- 
toles during the induction of anaesthesia with 
halothane in twenty-four atropinized patients, 
although they appeared after the insertion of 
endotracheal tubes in two of the patients. 
Delaney’s findings were in striking contrast to 
those obtained with chloroform in somewhat 
similar circumstances. The typical sympathetic 
response to intubation—tachycardia, hyperten- 
sion, and extrasystoles—has been observed by 
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Burnap, Galla, and Vandam (1958) in patients 
anaesthetized with halothane. It is probable that 
endotracheal intubation will precipitate ventricu- 
lar arrhythmia under any form of inhalational 
anaesthesia (Burstein, LoPinto, and Newman, 
1950). 

The inadvertent administration of carbon 
dioxide during halothane anaesthesia has caused 
ventricular arrhythmias which disappeared when 
the carbon dioxide was discontinued (D’Arcy, 
Holmdahl and Payne, 1959). Black, Linde, Dripps, 
and Price (1959) produced multifocal ventricular 
tachycardia by giving carbon dioxide to non- 
atropinized patients anaesthetized with halothane 
and noted that a relatively high arterial Pco, 
level was required to provoke the irregularity. 

It is difficult to define the precise cause of the 
ventricular disturbances which have been reported 
from clinical sources because in most instances 
a multiplicity of drugs had been administered 
when the extrasystoles appeared. Some of these 
drugs, particularly the vagolytic atropine and 
gallamine may cause quite severe disturbances of 
rhythm in anaesthetized patients (Johnstone, 1951, 
1955). Before attempting to associate halothane 
with this serious effect, it is important that 
adequate surgical anaesthesia should be induced 
and maintained with halothane alone in a large 
number of non-atropinized patients. One of us 
(Johnstone, 1960) recently developed a technique 
whereby deep anaesthesia could be rapidly in- 
duced and maintained with halothane for a wide 
variety of surgical operations in non-atropinized 
patients; concentrations of halothane up to 10 
per cent in oxygen have been used for induction 
and an electrocardiographic study has been 
included in the work.* The object of this report 
is to describe the disturbances of ventricular 
rhythm which we have observed in patients; the 
effects on blood pressure and on the peripheral 
pulse, will be presented in a separate report. 

The investigation has been divided into four 
parts comprising a total of one hundred and thirty 
patients. All the anaesthetics were given by one of 
us (M.J.) under continuous electrocardiographic 
supervision by the other (H.LA.N.). Continuous 
vasculometry was also included in all cases. 

*The concentrations mentioned throughout this paper 
refer to the concentrations delivered from the vapor- 


izer and not to the concentrations being inhaled by 
the patient. 
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PART 1: CARBON DIOXIDE RETENTION DURING 
HALOTHANE ANAESTHESIA 


Method. 

Fifty adult outpatients undergoing minor but 
relatively prolonged operations lasting from ten 
to sixty minutes were anaesthetized with halo- 
thane and oxygen. The operations were mainly 
orthopaedic, including amputation of digits, 
wound suturing, reduction and fixation of frac- 
tures, repair of lacerated tendons and peripheral 
nerves and the excision of various lumps and 
tumours from the limbs. The ages of the patients 
ranged from fourteen to sixty-three years, and all 
were reasonably fit with apparently normal hearts 
and lungs. No sedative or vagolytic drugs of any 
kind were given pre-operatively. 

The anaesthetic procedure was similar in every 
case, oxygen being passed from a rotameter 
through the Fluotec (10 per cent) vaporizer into 
a Waters’ circuit without a soda lime canister. 
During the first minute of induction the vaporizer 
delivered 6 per cent halothane in five litres of 
oxygen a minute, consciousness usually being 
lost in this time; the halothane was then increased 
to 10 per cent for two minutes followed by the 
insertion of an oropharyngeal airway. The 10 per 
cent halothane in five litres of oxygen a minute 
was sometimes continued for a further two minutes 
in the more robust male subjects in whom the 
induction time was slower because of transient 
muscular rigidity with breath holding. 

When the oropharyngeal airway was inserted 
the oxygen flow was reduced to one litre a minute 
still with 6 per cent halothane. Respiration was 
then assisted gently to ensure adequate uptake of 
halothane. It is important not to assist respiration 
until surgical anaesthesia is established and the 
halothane dosage reduced to the maintenance level 
because of the risk of vagal cardiac arrest in non- 
atropinized patients (Johnstone, 1960). After 
periods of almost complete rebreathing lasting 
from twelve to sixty minutes the oxygen flow was 
increased to four litres a minute with 2 per cent 
halothane to reduce the carbon dioxide. In 
five patients the vaporizer setting was temporarily 
increased to 10 per cent in one litre of oxygen a 
minute to observe the effect on ventricular 
arrhythmias which had appeared during the period 
of carbon dioxide retention. 
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Results. 

Prior to induction sinus rhythm was present in 
all cases, the rates ranging from 61 to 145 beats 
a minute. Following the induction of deep halo- 
thane anaesthesia sinus rhythm was present in 
forty-three patients and nodal rhythm which soon 
reverted to sinus rhythm was presented in seven; 
the range of rates had dropped to 35 to 90 beats 
a minute. No ventricular disturbances occurred in 
forty-nine cases. Isolated ventricular extrasystoles 
were seen during induction in one male of 36 
years who arrived at the operating theatre 
shivering and sweating with fright; the extra- 
systoles ceased as soon as anaesthesia was estab- 
lished. 

During the subsequent periods of carbon 
dioxide retention, which lasted from ten to sixty 
minutes, the electrocardiogram in thirty-two 
patients remained unchanged, apart from moderate 
increases in the sinus rate. Ventricular arrhyth- 
mias appeared in eighteen patients, consisting of 
isolated extrasystoles in seven, alternating extra- 
systoles (bigeminus) in ten and in one patient a 
unifocal ventricular rhythm at 100 beats a minute. 
The ventricular arrhythmias disappeared in all 
cases two or three minutes after increasing the 
oxygen flow to four litres a minute with 2 per 
cent halothane; this represents an increase in the 
halothane delivered into the circuit of 20 ml of 
vapour a minute. In five cases the ventricular 
arrhythmias were immediately abolished by in- 
creasing the halothane to 10 per cent in one litre 
of oxygen a minute administered with inter- 
mittent positive pressure respiration, but returned 
when the mask was removed and ultimately 
disappeared when the carbon dioxide was elimin- 
ated. Transient ventricular extrasystoles appeared 
for the first time in four patients immediately 
after the removal of the face mask after periods 
of rebreathing lasting from 31 to 45 minutes— 
a mild example of the “mask-off” effect previously 
observed with cyclopropane (Johnstone, 1952). 

Few of the other effects of carbon dioxide 
retention were observed in this series. Respiratory 
stimulation was rare, depression being the usual 
response. Sweating did not occur and the pupils 
dilated in only seven patients after prolonged 
periods of rebreathing. After the usual decrease 
associated with the induction of anaesthesia, the 
blood pressure showed a tendency to decrease 


gradually during the period of carbon dioxide 
retention; the elimination of carbon dioxide was 
associated with an immediate and brisk increase 
in the blood pressure. There was no significant 
delay in the recovery of consciousness. 


PART 2. THE EFFECTS OF ATROPINE DURING 
CARBON DIOXIDE RETENTION WITH HALOTHANE 
ANAESTHESIA 

Method. 

Ten unpremedicated outpatients were anaes- 
thetized with halothane in the manner described 
above. During the maintenance of anaesthesia 
rebreathing was permitted for twenty minutes 
with an oxygen flow of one litre a minute with 
6 per cent halothane into the bag. Atropine 0.5 
mg was then injected intravenously provided 
extrasystoles had not already appeared. The soda 
lime canister was then inserted and respiration 
controlled with an input of halothane 6 per cent 
in one litre of oxygen a minute. The electrocar- 
diogram was under constant observation and 
tracings obtained at frequent intervals. 


Results. 

Sinus rhythm was present in all cases before 
the induction of anaesthesia, the rates being 
between 68 and 110 beats a minute. During 
anaesthesia the range of sinus rates was between 
51 and 65 beats a minute and all remained regular. 
The intravenous injection of atropine 0.5 mg 
was followed within one minute by the appearance 
of alternating ventricular extrasystoles in five 
patients, bifocal ventricular tachycardia in two, 
multifocal ventricular tachycardia in one, sinus 
tachycardia in one, and no change in one. Three 
minutes after the insertion of the soda lime 
canister sinus tachycardia was present in all cases 
and persisted till the end of the operations. 


ENDOTRACHEAL INTUBATION DURING 
HALOTHANE ANAESTHESIA 


PART 3. 


Method. 

Fifty adult in-patients were investigated, twenty- 
five of whom were non-premedicated and twenty- 
five premedicated with pethidine 50 mg and 
promethazine 50 mg given intramuscularly about 
one hour pre-operatively. The ages were between 
21 and 76 years and all had reasonably normal 
respiratory and cardiovascular systems. The 


operations included craniotomy, laminectomy, 
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major orthopaedic procedures, thyroidectomy, 
radical mastectomy, herniorrhaphy, hysterectomy, 
and prostatectomy. 

‘The method of induction and maintenance of 
anaesthesia was similar in all cases, oxygen being 
fed through the Fluotec (10 per cent) vaporizer 
into a Waters’ bag. During the first minute of in- 
duction the vaporizer was set at 6 per cent halo- 
thane with an oxygen flow of five litres a 
minute. The dose was then increased to 10 per 
cent halothane in five litres a minute administered 
with spontaneous respiration for three to five 
minutes until deep surgical anaesthesia was 
obtained as judged by profound muscular re- 
laxation, centrally fixed and constricted pupils 
and obvious respiratory depression. A cuffed 
endotracheal tube, size 9 or 10 was then inserted 
with the aid of a Macintosh laryngoscope. The 
anaesthetic bag and the soda lime canister were 
attached and anaesthesia continued with 4 per 
cent halothane in an oxygen flow of one litre a 
minute. As mentioned in Part 1 of this investi- 
gation, no attempt to inflate the lungs or to 
control respiration should be made before deep 
anaesthesia is established and the halothane input 
reduced to around 40 ml of vapour a minute. Pre- 
medication with pethidine-promethazine had no 
appreciable influence on the induction times, or 
on the respiratory and cardiovascular reactions to 
halothane. The electrocardiogram was under 
constant observation and tracings were taken at 
frequent intervals. Continuous vasculometry was 
also used to monitor the peripheral pulse wave. 


Results. 

Sinus rhythm was present prior to induction in 
all cases, the rates being between 54 and 150 beats 
a minute. After the induction of deep anaesthesia 
and immediately before intubation, the range of 
pulse rates was between 48 and 150 beats a min- 
ute. A few isolated ventricular extrasystoles 
appeared in the early stages of a rather stormy 
induction of a resistant patient and disappeared 
with the onset of deep anaesthesia; sinus rhythm 
persisted in the remainder. Following the inser- 
tion of the endotracheal tube regular sinus 
rhythms continued in 39 patients, transient nodal 
rhythm in three, and isolated ventricular extra- 
systoles appeared in eight patients who coughed 
after intubation. There were no significant changes 
in the pulse rates of those who did not cough or 


BRITISH JOURNAL OF ANAESTHESIA 


strain after intubation; the coughing and straining 
in the eight patients was associated with brisk 
increases in the sinus rates in addition to the ap- 
pearance of ventricular extrasystoles; the sinus 
rates returned to within normal limits and the 
extrasystoles stopped when deeper anaesthesia 
was obtained. It should be stated that each of the 
patients who coughed after intubation was eden- 
tulous and difficulty was experienced in maintain- 
ing a leak-proof fitting of the face mask; at the 
time of intubation the eyes were not quite cen- 
trally fixed, suggesting inadequate anaesthesia. 


PART 4: THE CARDIOVASCULAR RESPONSE TO RES- 
PIRATORY ACIDOSIS DURING APNOEIC DIFFUSION 
OXYGENATION UNDER HALOTHANE ANAESTHESIA 


Method. 

Twenty relatively fit patients for upper abdo- 
minal surgery were selected and divided into two 
groups (each of ten patients). The patients of one 
group were each premedicated with pethidine 
50 mg and promethazine 50 mg injected intra- 
muscularly one hour before the operation. Anaes- 
thesia was then induced and intubation performed 
as in Part 3 of this investigation. Anaesthesia was 
maintained with halothane 4 per cent in one litre 
of oxygen a minute into a Waters’ carbon dioxide 
absorption unit. Relaxation was obtained with a 
suxamethonium intravenous drip of 0.1 per cent 
w/v in saline. Respiration was controlled by inter- 
mittent positive pressure ventilation for at least 
thirty minutes. Apnoea was then maintained for 
periods of from fifteen to twenty minutes after 
which intermittent positive pressure respiration 
was resumed. 

The second group of ten patients were not pre- 
medicated. Anaesthesia was induced and intuba- 
tion performed with thiopentone 200 mg with 
atropine 0.2 mg and suxamethonium 50 mg in- 
jected intravenously. Anaesthesia was then main- 
tained with halothane 60 ml to 100 ml of vapour 
a minute in one litre of oxygen a minute into a 
Waters’ absorption unit with manually controlled 
positive-negative pressure ventilation. As soon as 
the operations were finished—after 40 to 60 
minutes—apnoea was permitted for periods of ten 
to fifteen minutes and was terminated either by 
the return of spontaneous respiration or by the 
resumption of artificial respiration with the ap- 
pearance of ventricular extrasystoles. 
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Results. 

Sinus rhythm was present in all patients on 
arrival at the operating theatre, the rates being 
between 84 and 120 beats a minute in the pethi- 
dine-atropine series and 70 to 125 in the non- 
premedicated group. Sinus rhythm persisted dur- 
ing induction in all cases. Transient ventricular 
arrhythmias appeared after intubation in two of 
the pethidine-atropine group; in both instances 
these were bifocal ventricular tachycardia and 
were abolished by deepening the plane of anaes- 
thesia. Sinus rhythm persisted throughout the 
operations in all patients during the period of 
assisted respiration with rates between 65 and 105 
beats a minute, faster rates occurring in the 
pethidine-atropine series. During the periods of 
apnoea the electrocardiographic changes were 
similar in both groups. No changes appeared in 
12 patients and alternating ventricular extra- 
systoles occurred in the remainder after eight to 
twelve minutes of apnoea. The extrasystoles were 
abolished by ventilating with a mixture of 5 per 
cent halothane in oxygen one litre a minute into 
the bag. All patients remained pink and appar- 
ently well oxygenated during the periods of 
apnoea. Recoveries were uneventful. 


DISCUSSION 


These investigations indicate that ventricular 
arrhythmias may appear during anaesthesia in- 
duced and maintained with halothane and oxygen, 
as with any other anaesthetic agent. Their appear- 
ance is related to several factors, apart from the 
surgical manipulations of the heart and parenteral 
injections of catechol amines known to cause ven- 
tricular disturbances. 

Isolated ventricular extrasystoles have been 
observed during the early stages of the induction 
of anaesthesia with halothane in frightened 
patients. It is probable that these are more closely 
related to psychogenic than to pharmacological 
factors. Harvey and Levine (1952) have recorded 
ventricular tachycardia in a girl terrified by what 
might be regarded as a harmless incident. Ventri- 
cular extrasystoles are not uncommon in the 
unsedated patient anxiously awaiting general 
anaesthesia in the operating theatre. Atropine 
plays an important part in increasing the incid- 
ence of these disturbances of cardiac rhythm. 
Before it was realized that atropine was seldom 


necessary before halothane anaesthesia one of us 
(M.J.) frequently injected atropine 0.5 mg intra- 
venously with the induction dose of thiopentone. 
This sometimes provoked rapid tachycardia of 
ventricular origins especially in elderly or hyper- 
tensive subjects. The incidence of the arrhythmias 
was considerably less when the intravenous dose 
of atropine was reduced to 0.2 mg. Halothane is 
certainly not contraindicated in the presence of 
psychogenically induced and atropine-aggravated 
disturbances of cardiac rhythm. The rapid induc- 
tion of deep anaesthesia with halothane has 
invariably abolished them and restored regular 
sinus rhythm either by depressing the sympathetic 
overactivity or by stimulating the pulmocardiac 
inhibitory reflexes in a manner similar to ether 
(Johnstone, 1953). 

’ Sensory stimulation during light anaesthesia 
with halothane, as with other agents, may also 
provoke minor cardiovascular disturbances such 
as sinus tachycardia, hypertension and ventricular 
extrasystoles. This is undoubtedly the factor be- 
hind the extrasystoles following intubation in 
inadequately anaesthetized subjects. The follow- 
ing is an example of such a disturbance caused 
by an error of judgement during the induction of 
anaesthesia in a very nervous atropinized 
female. 


Case history. 

Female, 47 years. For excision of bursa on knee. 
No premedication. Atropine 0.5 mg injected intra- 
venously on arrival at the operating theatre. Anaesthesia 
was then induced with 2 per cent halothane in five 
litres of oxygen a minute, the anaesthetist being under 
the impression that 6 per cent halothane was being 
given. After one minute, when the patient appeared to 
be anaesthetized, a large oropharyngeal airway was in- 
serted. This immediately caused a violent cough with 
retching and laryngeal spasm which was associated 
with an immediate increase in the pulse rate followed 
by the appearance of multifocal ventricular tachy- 
cardia before there was any possibility of oxygen 
lac: <r carbon dioxide retention. Suxamethonium 50 
mg was immediately injected intravenously to open 
the larynx and an endotracheal tube was inserted, the 
multifocal ventricular tachycardia persisting. Halo- 
thane 6 per cent in five litres of oxygen a minute was 
then given by intermittent positive pressure ventila- 
tion and sinus rhythm returned in less than a minute. 
The electrocardiographic changes are illustrated in 


figure 1 

Surgical stimulation during light halothane 
anaesthesia may cause extrasystoles especially 
during operations involving the pelvic floor, e.g. 
prostatectomy, cystectomy, colporrhaphy and 
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Fic. 1 
Female, 47 years. For excision of bursa on knee. No 


premedication. All Lead I. 


A. Before induction. 

B. After atropine 0.5 mg intravenously. . 

C. After one minute of halothane 2 per cent in 5 
D 


litres of oxygen. 
Thirty seconds later, after the insertion of an oro- 


pharyngeal airway. 


haemorrhoidectomy. These disturbances are best 
avoided by adequate doses of halothane—40 to 60 
ml of vapour delivered into the circuit a minute 
for maintenance—or by supplementing with 
potent analgesics such as pethidine, regional 
nerve blocks, or Sernyl (Johnstone, Evans, and 
Baigel, 1959). 

Carbon dioxide is the third factor concerned in 
the appearance of ventricular arrhythmias during 
halothane anaesthesia and considerable periods of 
carbon dioxide retention are required to provoke 
relatively minor disturbances of cardiac rhythm. 
The results in parts 2 and 3 of this investigation 
indicate that atropine increases considerably the 
sensitivity of the subject to carbon dioxide reten- 
tion during halothane anaesthesia. The circum- 
stances in which carbon dioxide causes ventricular 
arrhythmias during halothane anaesthesia are 
similar to those observed in relation to cyclopro- 
pane anaesthesia, but the arrhythmic response is 
considerably less with the former and, when 
exogenous carbon dioxide is used to provoke the 
arrhythmia, a higher arterial Pco, is required with 
halothane (Black et al., 1959). A striking differ- 


Heart and lungs normal. 


E. One minute later, after suxamethonium 50 mg 
intravenously and the insertion of an endotracheal 


tube. 
One minute later, after ventilation with halothane 


6 per cent in oxygen. 
G. After 20 minutes of deep halothane anaesthesia. 


ence between cyclopropane and halothane is that, 
with the latter agent, circulatory collapse, shock, 
prolonged unconsciousness, sweating and vomit- 
ing do not follow the sudden elimination of carbon 
dioxide after prolonged periods of retention. It 
may be that halothane depresses the usual sym- 
pathetico-adrenal and metabolic responses to 
respiratory acidosis; the observations of Price et 
al. (1959) would seem to support this hypothesis. 

It is evident that ventricular arrhythmia may 
appear during halothane-oxygen anaesthesia 
which is complicated by over atropinization, sen- 
sory stimulation during inadequate anaesthesia 
and carbon dioxide retention; it is possible that 
all three factors have been concerned to a greater 
or lesser degree in most of the recorded cases. 
Deep halothane anaesthesia plays no part in the 
production of ventricular extrasystoles. Arrhyth- 
mias which have been provoked in light anaes- 
thesia either by carbon dioxide retention or by 
premature sensory stimulation have been rapidly 
abolished by increasing the dose of halothane. The 
deliberate induction of profound halothane hypo- 
tension—40 mm Hg systolic or lower—has 
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invariably been associated with regular sinus or 
nodal rhythms in efficiently ventilated subjects. In 
these respects the human and canine cardiovas- 
cular responses to halothane are very similar (Hall 
and Norris, 1958b). 

Several cardiac arrests have been reported fol- 
lowing halothane overdosage and the rarity of 
ventricular fibrillation in these circumstances is 
noteworthy. Intracardiac injections of adrenaline 
have been successfully used to restore normal 
cardiac rhythm after open-heart surgery without 
producing any evidence of increased ventricular 
irritability (Dawson, Theye, and Kirklin, 1960). 
These phenomena suggest that halothane, unlike 
all other anaesthetic agents, causes a profound 
depression of sympatho-adrenal activity, the 
degree of depression being directly proportiona: 
to the dose. 

The fourth and possibly the most dangerous 
factor to be considered as a cause of ventricular 
arrhythmia during halothane anaesthesia is the 
inadvertently intravenous injection of excessive 
doses of adrenaline or noradrenaline, particularly 
in the presence of any of the factors mentioned 
above. The infiltration of dilute and limited doses 
of adrenaline into subcutaneous tissues appears to 
be without serious consequences, but the possi- 
bility of intravenous injection is always present if 
highly vascular areas are chosen, such as for 
example the pelvic floor and neck. 

One of us (M.J.) has twice observed the onset 
of severe tachycardia with gross irregularity and 
virtual disappearance of the radial pulse within 
two minutes of filling infected bladders with about 
300 ml of a solution of 1/100,000 w/v of adrena- 
line hydrochloride in two elderly patients anaes- 
thetized with halothane for cystoscopy. The 
immediate withdrawal of the halothane and the 
vigorous inflation of the lungs with a high con- 
centration of ether—the Boyle vaporizer fully 
open, the plunger down and eight litres of oxygen 
a minute bubbling through—restored normal 
pulse rates and rhythms within two minutes, the 
control mechanism being similar to that pre- 
viously observed with cyclopropane and adrena- 
line (Johnstone, 1953); needless to say the 
bladders were immediately evacuated and washed 
with saline. 

The use of the catechol amines for haemostatic 
purposes in patients anaesthetized with halothane 


is not to be encouraged because it introduces the 
only circumstance in which the subsequent ven- 
tricular arrhythmia may be difficult, if not impos- 
sible, to control by conservative methods. It may 
be that the use of adrenaline for local haemo- 
stasis is outmoded; it should be relatively easy to 
find a safer, more selective, locally acting vaso- 
constrictive compound for use in both anaesthe- 
tized and conscious subjects, particularly as we 
now possess highly selective and peripherally 
acting synthetic hypertensive agents. 


SUMMARY 


The effects on cardiac rhythm of the rapid 
induction of deep anaesthesia with halothane 
in oxygen have been studied in over 100 non- 
atropinized patients. Transient ventricular extra- 
systoles were observed in only two frightened - 
patients. Sinus rhythms, with transient episodes 
of nodal rhythms, persisted in the remainder, the 
rates tending to decrease as the depth of anaes- 
thesia increased. 

Ventricular extrasystoles have been provoked 
during halothane anaesthesia by sensory stimula- 
tion in light anaesthesia; by carbon dioxide reten- 
tion; and by the intravenous injection of atropine 
in the presence of carbon dioxide retention. It has 
been observed that atropine increases the sensi- 
tivity of the heart to the effects of carbon dioxide 
retention during halothane anaesthesia. 

Ventricular arrhythmias have not occurred dur- 
ing deep halothane anaesthesia in efficiently 
ventilated patients. 7 

The dangers of adrenaline injections during 
halothane anaesthesia have been emphasized. 
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A COMPARISON OF FOUR DIFFERENT METHODS OF MEASURING 
CARDIAC OUTPUT USED SIMULTANEOUSLY 
IN ANAESTHETIZED DOGS 


BY 


J. P. Payne anp B. A. LypDER 
Department of Anaesthesia, Hammersmith Hospital and Postgraduate Medical School, 
London, W.12, England 


BECAUSE of its convenience the dye dilution tech- 
nique combined with photo-electrically recorded 
dye curves has been widely used for the measure- 
ment of cardiac output particularly during 
surgery. Doubts about the accuracy of the method, 
however, have existed since Beard and Wood 
(1951) failed to obtain with an ear oximeter a 
linear response to the changing concentration of 
dye in blood, although in defence of the method 
Gilmore and his colleagues (1954) claimed that 
with their oximeter a satisfactory linear response 
was obtained. Furthermore, Taylor and Shilling- 
ford (1959) showed that there was no significant 
difference in the results obtained in man when 
the Fick method and the dye dilution technique 
using an ear oximeter were employed simul- 
taneously. 

Nevertheless, in experiments carried out to 
study the efficacy of coomassie blue for dye dilu- 
tion studies, Armstrong and Payne (1960) were 
unable to obtain a linear response when the dye 
was added to whole blood in vitro, although the 
response was satisfactory when saline was used. 
It seemed essential therefore to re-investigate the 
accuracy of the method. For this purpose it was 
planned to compare the results obtained when 
cardiac output was estimated in anaesthetized 
dogs using the Fick principle (Fick, 1870), the 
direct Hamilton technique (Hamilton, 1928), the 
cuvette and the ear oximeter (Millikan, 1942; 
Wood and Geraci, 1949). 


METHOD 


Unselected dogs of both sexes weighing between 
13.6 and 34.4 kg were used. 

After induction of anaesthesia with a sleep dose 
of intravenous thiopentone (150-500 mg), the dog 
was intubated with a no. 10 cuffed endotracheal 


tube. Chloralose, 80 mg/kg in a concentration of 
10 mg/ml, was given intravenously for the main- 
tenance of anaesthesia. 

A small transverse incision was made in the 
neck to expose the right external jugular vein 
through which a cardiac catheter (no. 8 Charriére 
gauge) was passed into the heart. With the help 
of direct radiographic screening the catheter was 
passed through the heart into a pulmonary artery 
for the collection of mixed venous blood samples. 
A slow infusion of normal saline kept the catheter 
patent. 

After removal from the screening room the dog 
was placed on a standard animal operating table 
in the supine position. The right femoral vessels 
were located by palpation in the groin and ex- 
posed through a short longitudinal incision. The 
right femoral vein was tied as far distally as pos- 
sible and opened at a point just proximal to the 
ligature. For the introduction of dye, a fine poly- 
ethylene catheter (Portland Plastics “Portex” 52A) 
filled with heparin-saline was introduced until its 
end was judged to be in the vicinity of the right 
atrium. Thereafter the right femoral artery was 
mobilized and partially divided between clamps. 
A wide bore polyethylene catheter (“Portex” 54A) 
containing heparin-saline and clamped to prevent 
blood flow was passed proximally through the 
artery into the aorta for approximately three 
inches. The other end of the catheter was led 
through a cuvette and tied in the distal segment 
of the artery. When the clamp was removed at 
the appropriate time arterial blood flowed con- 
tinuously through the cuvette. All bleeding points 
were ligated. 

The left femoral artery was exposed in a similar 
manner to the right and tied distally. A polyethy- 
lene catheter (“Portex” 54A) was inserted proxi- 
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Saline 


Cardiac catheter 


External jugular vein 


remoral vein 


Femoral artery 


Dye syringe 


DIAGRAM TO ILLUSTRATE THE ARRANGEMENT OF THE APPARATUS 
USED DURING CARDIAC OUTPUT STUDIES 


Fic. 1 


mal to the tie, passed into the aorta and fixed in The left ear was shaved and cleaned with a 
position. The catheter was connected distally to depilating agent. An ear oximeter was attached 
a 3-way tap which in turn could be used to direct and shaded from direct light. Both the ear oxi- 
the blood flow into a series of small tubes fixed meter and the cuvette were connected through 
to a rotating drum as described by Hamilton amplifiers to direct writing pen recorders (Cam- 
(1928) or to obtain arterial blood samples. bridge Instrument Company). 
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The cuff of the endotracheal tube was inflated 
and the throat packed as a further precaution 
against leaks. The endotracheal tube was con- 
nected to a Benedict-Roth spirometer filled with 
oxygen. Oxygen consumption was measured con- 
tinuously throughout the experiments. The 
general experimental lay-out is shown diagram- 
matically in figure 1. 

When all bleeding had ceased, heparin (2,000 
units) was injected intravenously and the clamps 
removed. A preliminary intravenous injection of 
coomassie blue (20 mg) was then made to stabilize 
the recording system (Armstrong and Payne, 1960). 

The procedure for the simultaneous measure- 
ments of cardiac output was as follows: 

At the mid point of a 10 minute period during 
which oxygen consumption was measured, simul- 
taneous mixed venous and arterial blood samples 
were collected. Their oxygen content was esti- 
mated by means of the Van Slyke technique and 
the results used to calculate the cardiac output 
according to the Fick principle. 

A further blood sample was taken at the same 
time for dye calibration purposes and as soon as 
the sampling was completed an intravenous injec- 
tion of a known quantity (approximately 20 mg) 
of coomassie blue was made. The changing con- 
centration of dye in the aorta and left ear was 
charted from the cuvette and ear oximeter respec- 
tively, while at the same time multiple samples 
of arterial blood were collected in the tubes 
attached to the rotating drum. 

The cuvette and ear oximeter curves were cali- 
brated by means of blood samples taken at 3 and 
10 minute intervals after the injection of dye. The 
Hamilton curve was plotted using the results 
obtained from the analyses of the multiple blood 
samples. 

In all cases the dye was extracted from plasma 
by the method of Taylor and Shillingford (1959); 
in the case of the samples obtained by the direct 
Hamilton method it was necessary to add saline 
to the plasma before extraction because of the 
relatively small quantity of plasma obtained (less 
than 1 ml). 


RESULTS 
The values for cardiac outputs determined by the 
cuvette, ear oximeter, direct Hamilton and Fick 
methods are shown in table I. Twenty-nine com- 


parisons were made in 9 dogs. Parallel results 
using all four methods were only occasionally 
obtained because of the technical difficulties 
involved in maintaining four separate systems 
recording simultaneously. 

Comparison of the four methods was made by 
taking the differences in cardiac output at a 
specific time between any two methods. The ob- 
served differences were consistent from one 
animal to another. The ear oximeter method how- 
ever gave lower results when compared with the 
other three methods, but the difference was only 
statistically significant when compared with the 
Hamilton technique (P < 0.05). 

The mean differences obtained together with 
their standard errors and 95 per cent confidence 
limits are set out in table II. 


DISCUSSION 


The analysis of the results was complicated not 
only by a significant change in cardiac output 
from one animal to another, but also by consider- 
able variations in successive measurements in the 
same dog. This fluctuation in output in the same 
animal was to be expected; it was partly due to 
changes in the depth of anaesthesia and partly to 
the cardiovascular response to blood loss which 
was relatively high, especially in the smaller dogs. 
Approximately 60 ml of blood was required for 
each serics of determinations and occasionally the 
volume was considerably greater. 

The possible influence, of such changes in the 
analysis of the results was excluded by comparing 
only those outputs determined simultaneously. 
This was done by taking the difference in output 
when each method was compared with another. 
The mean differences could then be calculated for 
the complete range of experiments. 

The consistent manner in which the outputs 
changed regardless of direction or method of 
determination is convincing evidence of the relia- 
bility of all four methods. The fact that the four 
methods show a close measure of agreement is of 
considerable practical importance in anaesthesia 
as the ear oximeter combined with the dye indi- 
cator, coomassie blue, is the most convenient 
method yet devised for the frequent determination 
of cardiac output during surgery. 

Doubts had previously been raised on the 
accuracy of the oximeter method by the failure 
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to obtain a linear response to changing concentra- 
tions of dye in whole blood (Armstrong and 
Payne, 1960). The demonstration that cardiac out- 
put values determined by means of the oximeter 
are within the same range of accuracy as those 
obtained by the direct Fick method, implies that 
the error involved in the loss of linearity must be 
small. Nevertheless the significantly lower output 
obtained when compared with the direct Hamilton 
method suggests that an error still exists. 


20 
TABLE I 
Details of cardiac output estimated by four different methods in nine dogs 
Dog No. Body Earpiece Cuvette Hamilton Fick 
weight 
1 13.6 kg 1.15 L/min 1.21 L/min 1.19 1./min 
1.685 1./min 1.74 L/min 
2 14.5 kg 2.16 L/min 2.87 L/min 2.89 1./min 
1.99 L/min 2.04 1./min 2.60 1./min 
2.24 L/min 2.50 L/min 2.29 |./min 
3 15.5 kg 2.68 L/min 2.70 1./min 
2.94 1./min 2.72 1./min 
2.62 1./min 2.94 1./min 
2.18 1./min 2.20 1./min 
4 18.5 kg 1.67 L/min 1.63 L/min 2.60 L/min 1.60 1./min 
1.39 L/min 1.33 L/min 1.60 L/min 1.79 L/min 
1.10 1./min 1.15 L/min 1.09 1/min 
5 24.9 kg 4.89 1./min 480 L/min 5.20 1./min 
3.36 1./min 3.40 L/min 3.60 1/min 
4.88 1./min 4.97 1./min 4.90 1./min 
6 34.4 kg 4.88 L/min 5.00 1./min 
6.67 L/min 6.61 1./min 6.35 1./min 
5.52 L/min 5.70 1./min 
3.58 1./min 3.49 L/min 3.76 L/min 
7 19.0 kg 3.20 L/min 3.50 L/min 3.76 1./min 3.76 1/min 
4.38 L/min 4.27 L/min 4.21 L/min 
2.59 1./min 2.70 1./min 
8 30.0 kg 4.51 L/min 4.74 L/min 4.75 1./min 
3.57 1./min 3.38 1./min 
4.59 1./min 4.27 L/min 
15.0 kg 5.63 L/min 5.43 1/min 
3.65 1./min 3.57 L/min 3.69 1./min 3.55 L/min 
2.97 L/min 2.94 L/min 3.10 L/min 
2.55 1./min 2.19 1./min 2.39 1./min 
Taste II 
Mean differences in cardiac output (1./min). 
C—E H—E F—E H—C F—C H—F 
Mean difference 0.046 (22) 0.234 (13) 0.147 (9) 0.129 (15) 0.055 (10) 0.026 (8) 
Standard error of 
mean difference 0.047 0.101 0.076 0.086 0.068 0.151 
95 per cent con- 0.144, 0.454, 0.323, 0.313, 0.209, 0.330, 
fidence limits —0.052 —0.014 —0.029 — 0.055 —0.099 —0.382 
C—Cuvette E—Ear oximeter F—Fick H—Direct Hamilton 


indicate numbers of cases. 


The ear oximeter can therefore be used with 
confidence for cardiac output determinations dur- 
ing anaesthesia in the knowledge that the results 
obtained will be comparable with those derived 
by other means. Furthermore as the Fick method 
is subject to errors during anaesthesia (Prime and 
Gray, 1952; Payne, 1960) which leave the oxi- 
meter technique unaffected, the latter is un- 
doubtedly the method of choice for cardiac output 
studies during surgery. 
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SUMMARY 


Four different methods (cuvette, ear oximeter, 
Fick and direct Hamilton) were used to estimate 
cardiac output simultaneously in nine anaesthe- 
tized dogs. The results showed close agreement 
with all methods, although the ear oximeter 
method tended to show slightly lower outputs 
than the other three, but this was only statistically 
significant when compared with the direct Hamil- 
ton method. It was concluded that the ear 
oximeter combined with coomassie blue dye 
provided a satisfactory method of measuring 
cardiac output during anaesthesia. 
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THE EFFICIENCY OF CARDIAC MASSAGE IN VENTRICULAR 
FIBRILLATION 


Description of an instance of recovery of consciousness without spontaneous 
heart beat 


BY 
J. B. R. D. M. Davie anp D. M. DouGias 


From Forfar Infirmary and Department of Surgery, University of St. Andrews, 
Queen’s College, Dundee, Scotland 


A WOMAN aged 55 years was admitted to hospital 
with a carcinoma of the right breast which had 
been present for 18 months. She had originally 
been seen in June 1958, but because of conges- 
tive heart failure mastectomy was decided against 
and she was treated with testosterone propionate 
100 mg three times weekly. On this regime the 
tumour had remained quiescent, perhaps even 
becoming a little smaller. Her congestive heart 
failure was due to rheumatic heart disease with 
mitral stenosis and atrial fibrillation. Hypertension 
had been present for 9 years, her blood pressure 
varying between 260/140 mm Hg and 180/90 
mm Hg. About 5 years previously she had had a 
severe attack of acute pyelonephritis from which 
she gradually recovered. During the last few years 
she had had several attacks of pulmonary emboli, 
originating no doubt in the right auricle. On one 
occas‘on a cerebral embolus caused a minor 
paresis for a few days and on three occasions 
emboli had lodged in her right arm. There have 
been no permanent sequelae. 

On examination she was seen to be rather 
thin. An irregular mass measuring 5 x 3 cm 
was present in the upper and outer quadrant of 
the right breast. It was fixed to skin but not to 
pectoral fascia and no glands were palpable in 
in the axilla. Consultation with a cardiological 
colleague resulted in a decision to go ahead with 
the mastectomy on this second occasion. Blood 
pressure was 210/90 mm Hg. Radiographs of the 
heart showed gross cardiomegaly with a cardio- 
thoracic ratio of 60:40 (fig. 1). 


Operation. 
February 15, 1960. Premedication consisted of 
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Radiograph of heart showing the gross cardiomegaly 
which had resulted from long-standing mitral disease. 


pethidine 50 mg, and atropine 0.6 mg. Sleep 
was induced with thiopentone 100 mg in 2.5 per 
cent solution given intravenously. This was 
followed by 50 mg of suxamethonium chloride 
and the lungs were inflated with oxygen for half 
a minute. A size 9 cuffed Magill endotracheal 
tube lubricated with 1.1 per cent cinchocaine 
ointment was passed under direct vision. Spon- 
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taneous respiration soon returned and anaesthesia 
was maintained through a Magill semiclosed 
attachment with nitrous oxide 4 1./min and 
oxygen 4 1./min with a trace of trichloroethylene. 

The mastectomy was commenced at about 
3 p.m. and 5 minutes later it was noted that 
the venous blood had become dark blue in 
colour and that a “jaw tugging” type of respira- 
tion had developed. The anaesthetist was un- 
certain of the carotid pulses and a diagnosis of 
cardiac arrest was made. The left chest was quickly 
opened through the fifth interspace and the heart 
found to be in ventricular fibrillation. The 
pericardium was opened and the heart rhythmi- 
cally compressed. The colour improved and both 
pupils, which had been dilated and fixed, began 
to become smaller. Cardiac massage was continued 
and the patient began to move on the operating 
table and open her eyes. Eventually she responded 
to questions and to instructions to look up and 
so on. 

When her own general practitioner spoke to 
her, she opened her eyes and nodded. The 
surgeon, assistant and anaesthetist had little doubt 
that at this point, although the heart had been 
fibrillating for 45 minutes or so, the patient was 
conscious. As massage continued, the fibrillation 
became coarser and at last, after 1 hour and 15 
minutes, it suddenly reverted to normal rhythm 
with a good beat. At this time good spontaneous 
respiration had returned. 

Preparations were being made to close the chest 
when the heart beat gradually became feeble and 
fibrillation began again. It was impossible to 
restore normal rhythm again and she died at 
6.25 p.m., after about 2 hours of cardiac massage. 


DISCUSSION 


The interest of this case lies in the fact that 
rhythmic compression of the fibrillating ventricles 
can maintain a circulation to the brain in suffi- 
cient quantity, first, for the effects of an anaes- 
thetic to wear off and, second, for recovery of a 
measure of consciousness. It is impossible to be 
precise about the extent of this since there was an 
endotracheal tube in position and the patient 
could not speak. However on several occasions 
she responded quite precisely to questions and 
commands and when these were repeated she 
responded in a uniform way. 

The writers feel that experiences of this kind 
must have been recorded previously but a perusal 
of the recent Hunterial lecture on cardiac arrest 
by Milstein (1956) and of the monograph by 
McMillan (1,955) reveals no reference to the sub- 
ject. It is likely that the rapid recovery of respira- 
tion and of consciousness was due to the 
extremely short interval between the onset of the 
arrest and the institution of massage. The chest 
was already exposed for the mastectomy and 
all that had to be done was to open an interspace 
and thrust in a hand. 


SUMMARY 


During cardiac massage for ventricular fibrilla- 
tion, a patient who had been fully anaesthetized, 
apparently recovered consciousness though the 
heart had not contracted spontaneously. 
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SUXAMETHONIUM CHLORIDE AND MUSCLE PAINS 


BY 


RicHARD BurTLES* AND M. E. TuNSTALLt 
The Middlesex Hospital, London, W.1, England 


THE occurrence of muscular pains after suxa- 
methonium appears to be very high. Churchill- 
Davidson (1954) reported an incidence of 66 per 
cent in outpatients and of 14 per cent in in- 
patients. Morris and Dunn (1957) found a 72 per 
cent incidence of pain or stiffness, Prince-White 
(1957) 40 per cent and Hegarty (1956) about 25 
per cent. 

Several attempts have been made to modify 
these pains. Churchill-Davidson (1954) adminis- 
tered gallamine 40 mg immediately before the 
injection of suxamethonium and thus reduced the 
incidence of pains from 66 per cent to 40 per cent. 
Morris and Dunn (1957) found that neither 
chlorpromazine nor slow administration of suxa- 
methonium made any difference, but reported a 
reduced incidence of pains when suxamethonium 
was preceded by tubocurarine 5 mg or by procaine 
100-200 mg intravenously. Prince-White (1957) 
was able nearly to halve her reported incidence 
by preceding the suxamethonium injection with 
2 to 3 mg doses of decamethonium. Both 
Churchill-Davidson (1954) and Leatherdale, 
Mayhew and Hayton-Williams (1959) found that 
bed rest appeared to decrease the incidence of 
pains. Leatherdale, Mayhew and Hayton-Williams 
(1959), were unable to show any difference in 
the frequency of pains after the use of the chloride 
and bromide salts. 

The “pains” are usually described as a stiffness 
of the muscles and are present only when the 
muscles are contracting, at least in the less severe 
cases. The patients may describe the pains as be- 
ing rather like ‘flu’ or that they feel as if they had 
been “mauled about”. They may be severe 
enough to delay discharge from hospital for a day 
or so and if localized, for example to the lower 


*Now at The General Hospital, Northampton. 
+Now at St. Mary’s Hospital, Portsmouth. 


ribs, may simulate serious conditions. The pains 
may start at any time after receiving the suxa- 
methonium (even up to three days) and their site 
and severity bear no direct relationship to the 
fasciculations which frequently precede the actual 
paralysis. A higher incidence of pains among 
females compared with males is reported by all 
workers except Foster (1960). 

It was decided to investigate this problem from 
two angles. Firstly, gallamine is slower than suxa- 
methonium to produce its maximum effect and it 
was felt that a preliminary dose might be more 
effective in preventing suxamethonium after-pains 
if more time elapsed between giving the two 
drugs. The 40 mg dose of gallamine that Church- 
ill-Davidson originally used is now considered 
large, particularly since Hodges (1957) showed 
that the endplate response to suxamethonium is 
markedly influenced by previously administered 
nondepolarizing agents. Foster (1960), using 
gallamine 20 mg prior to suxamethonium for out- 
patient bronchoscopies, reduced the incidence of 
pains from 59 per cent to 37 per cent but he 
found such a dose liable to cause respiratory diffi- 
culties immediately after the procedure. After 
preliminary trials 8 mg was selected as the pre- 
paratory dose of gallamine and it was decided to 
give it over a period of 30 seconds before the 
induction dose of thiopentone. Secondly, since 
muscle fasciculations are rarely seen with repeated 
doses of suxamethonium, it was considered worth 
while trying the effect of a small preliminary dose 
on the incidence of pains. This procedure would 
also avoid mixing relaxants. The dose of suxa- 
methonium selected was 5 mg, as usually this can 
be given to a conscious, premedicated patient with 
no immediate untoward effects. One patient only 
in this series complained of a tingling sensation in 
the back of the neck before anaesthesia developed. 
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METHOD 


Two hundred identical 1 ml ampoules, containing 
either normal saline, gallamine 8 mg or suxa- 
methonium chloride 5 mg (equally distributed) 
were labelled with numbers in a random sequence 
and were stored in a refrigerator. They were 
issued in batches of twelve to the anaesthetic 
rooms. One of these ampoules was injected intra- 
venously over 30 seconds and was followed by the 
induction dose of thiopentone and then the para- 
lyzing dose of suxamethonium. The patients were 
intubated after inflation of the lungs with oxygen. 
Anaesthesia was maintained with nitrous oxide and 
ether, trichloroethylene or halothane, spontaneous 
respiration being allowed to return. The interval 
between the injection of the contents of the test 
ampoule and the injection of suxamethonium was 
usually 2 to 3 minutes, but was sometimes longer. 
All the anaesthetists in the department took part 
in this trial. The choice and doses of premedica- 
tion and anaesthetic agents were not controlled. 
For each patient (all of whom were inpatients) in 
the trial the first half of a detailed form was com- 
pleted by the anaesthetist. Without knowing the 
contents of the first half, the second half was 
completed by one of the authors when the patient 
was interviewed after 24 hours, and again between 
48 and 72 hours postoperatively. Of those patients 
who were discharged early, some were interviewed 
in the outpatient department, others by telephone, 
and a few by letter. The contents of the ampoules 
were not known until the end of the trial. 


RESULTS 


Of the 200 ampoules used, 14 were used without 
being followed by a paralyzing dose of suxa- 
methonium and 12 were wasted or the patient was 
not interviewed. There remained 174 patients in 
the study. 

The incidence of muscle pains in the control 
series (preparatory normal saline) was 49 per cent. 
This incidence was reduced to 44 per cent in the 
preparatory gallamine series but was increased to 
75 per cent in the preparatory suxamethonium 
series (table I). The occurrence of pains was 
reduced in those over the age of 50 years (table 
II). It was higher amongst those who got out of 
bed early (table III), and was more frequent 
amongst females (table IV). Table V shows the 
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incidence of fasciculations in each main group and 
the relationship of pains to fasciculation. 

The back of the neck and the shoulders were 
the commonest site of pains and the pectoral and 
upper abdominal regions were next most fre- 
quently involved. In no patient were the limbs 
affected except in a few who had pain at the site 
of intramuscular injections (for example of pre- 
operative drugs). 

In the present series there were two patients in 
whom typical suxamethonium “after-pains” in the 
neck and shoulders appeared for the first time on 
the fourth postoperative day. One of these had 
gone home two days previously. There were 16 
patients in whom the pains appeared on the third 
postoperative day. In the combined series, only 
32 per cent of the patients who developed pains 
complained of them in the first 24 hours post- 
operatively. 


DISCUSSION 


The incidence of post-suxamethonium pains in 
our series is distressingly high. In almost all the 
affected patients the pain was in the back of the 
neck, if not elsewhere as well, and all were intu- 
bated or bronchoscoped. However, intubation, or 
muscular relaxation, may cause symptoms since 
2 of a series of 15 patients who were intubated 
after d-tubocurarine or gallamine had apparently 
typical pains in the neck. 

The reduction in the incidence of suxa- 
methonium induced pains by a preliminary dose 
of gallamine 8 mg (with an adequate time interval 
between the gallamine and suxamethonium), is 
not sufficient to recommend its general use, 
although statistically this reduction is significant 
(P=0.1). Our results however, compare not un- 
favourably with those of Churchill-Davidson 
(1954) who used gallamine 40 mg. An adequate 
time interval between gallamine and  suxa- 
methonium appears helpful. 

The increased incidence of pains after prepara- 
tory suxamethonium suggests that even 5 mg of 
suxamethonium before thiopentone can produce 
typical pains and that, in contrast to Ruddell’s 
view (1959), thiopentone does afford some protec- 
tion against the pain producing properties of 
suxamethonium. A further investigation was car- 
ried out to elucidate this point. Patients who were 
to have minor procedures not requiring muscular 
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To show the pain incidence in the three main groups. 
Preliminary drug With pains 
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Combined series: to show the pain incidence and age 
distribution. 


Age in years With pains 


10-19 
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Combined series: To show the number of patients first getting up on each of the first three post- 
operative days, and subsequently, and the days on which they developed pains. 
Day on which 
patient first All Days on which pains developed All 


got up patients Ist day 2nd day 3rd day Subsequent days patients 
after operation with pain 
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3rd day 59% 
Subsequent days 47% 
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To show the incidence of observed fasciculations and of pains in the three main 
groups. All patients shown to the left of the heavy vertical line had pains, those 
to the right had none. 
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TaBLe VI 
The incidence of pains in patients who received suxame- 


thonium § mg immediately before, or after, thiopentone. 


With pains 


thiopentone 
Suxamethonium SSS 
5S mg After 24% | 
thiopentone 


Number of cases 


relaxation (such as dilatation and curettage) were 
given suxamethonium 5 mg immediately before, 
or immediately after, the injections of thiopentone 
(table VI). Of those who received the 5 mg 
ampoule of suxamethonium before thiopentone, 
37 per cent had typical muscle pains, whereas the 
incidence of pains was 24 per cent in those who 
had the 5 mg after the thiopentone. These results 
are significantly different (P=0.1). Further evi- 
dence in favour of the protective effect of thio- 
pentone on the incidence of pains, is provided by 
the finding that 7 out of 10 patients from the 
main series complained of pains when the thio- 
pentone-suxamethonium interval was between 5 
and 9 minutes: 3 of these patients were in the 
preliminary suxamethonium series, 4 in the galla- 
mine series and 3 from the control series. Of an 
additional 11 patients, 9 had pains after being 
given paralyzing doses of suxamethonium between 
34 and 21 minutes after the thiopentone for 
induction. 


SUMMARY AND CONCLUSIONS 


A controlled clinical trial of the effect on the inci- 
dence of post-suxamethonium pains of small pre- 
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liminary doses of gallamine and suxamethonium 
is reported. 

The incidence of muscle pains after suxa- 
methonium can be reduced slightly by a very 
small dose of gallamine, if the latter is given time 
to act. As even 5 mg of suxamethonium can pro- 
duce typical pains, the dose of suxamethonium is 
not important but the longer the time interval 
between the thiopentone and suxamethonium 
injections, the more frequently can pains be ex- 
pected. It is difficult to justify the use of suxa- 
methonium merely to produce apnoea, as for 
example during pyelography, particularly if more 
than four minutes have elapsed since the injection 
of thiopentone. 

Pains may occur at any time up to the fourth 
postoperative day and this must be appreciated 
when following up these patients. The results are 
in agreement with those of most other workers in 
that there is a lower incidence of pains amongst 
men and in the elderly and in those in whom post- 
operative ambulation is delayed. An incidental 
finding was that the time interval between the 
injection of thiopentone and of suxamethonium is 
of importance. 
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CONTINUATION COURSE IN ANAESTHESIOLOGY FOR 
ANAESTHESIOLOGISTS 


A continuation course in Anaesthesiology for Anaesthesiologists will be presented by 
the University of Minnesota from February 6 to 8, 1961, at the Centre for Continua- 
tion Study. The course will deal with newer methods of anaesthesia and more effective 
means of utilization of anaesthesiology in extended surgical procedures. 

The Faculty will include Doctors RicHarp G. B. GILBERT, Professor and Chairman, 
Department of Anaesthesiology, McGill University Faculty of Medicine, Montreal, 
Quebec, Canada; WiLL1AM K. HamIton, Professor and Chairman of Anaesthesiology, 
State University of Iowa College of Medicine, Iowa City, Iowa; DuNcAN A. HoLapay, 
Head, Section of Anaesthesiology and Professor of Surgery, University of Chicago 
School of Medicine, Chicago, Illinois; Jay J. Jacosy, Professor and Chairman of 
Anaesthesiology, Marquette University School of Medicine, Milwaukee, Wisconsin, 
and O. Smney Ort, Professor and Chairman, Department of Anaesthesiology, 
University of Wisconsin Medical School, Madison, Wisconsin. 

The course will be presented under the direction of Dr. FREDERICK B. VAN BERGEN, 
Professor and Head, Department of Anaesthesiology. The remainder of the Faculty 
will include members of the faculties of the University of Minnesota Medical School 


and the Mayo Foundation. 
Lodging and meal accommodations are available at the Centre for Continuation Study. 
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HALOTHANE-OXYGEN: A UNIVERSAL ANAESTHETIC 


BY 


MICHAEL JOHNSTONE 
Department of Anaesthetics, Royal Infirmary, Manchester, England 


Tue first clinical trial of halothane (Johnstone, 
1956) and many of the subsequent investigations 
were confused by the simultaneous use of several 
drugs of diverse actions. This mixing of potent 
agents clouded the issue and led to the assumption 
that halothane was clinically similar to chloro- 
form, an assumption which was quite unjustified 
because, at the time, neither drug had been used 
in controlled conditions for the induction and 
maintenance of surgical anaesthesia in a wide 
variety of cases. Evidence based on clinical 
methods which combine sedative and vagolytic 
drugs, barbiturates, nitrous oxide, analgesics, and 
relaxants with ineffective doses of halothane or 
chloroform does not permit descriptions such as 
“halothane anaesthesia” or “chloroform anaes- 
thesia”. 

The technicalities and provisioning of anaes- 
thesia were further complicated by the addition of 
yet another to the many drugs used in routine 
methods. In the subsequent reports of unhappy 
incidents in which halothane was invoived and for 
which it was often held responsible, it was 
virtually impossible to identify with certainty the 
particular drug or manoeuvre responsible for the 
trouble. It was generally agreed that halothane 
could be regarded as a useful supplement for 
nitrous oxide but its effectiveness as a sole agent 
remained in doubt. 

Four years ago the author became interested in 
developing a technique whereby adequate surgical 
anaesthesia could be induced and maintained with 
halothane alone. Twelve months ago this aim was 
achieved and it became possible to induce and to 
maintain anaesthesia with halothane for a wide 
varicty of operations; all other drugs, including 
atropine, barbiturates, nitrous oxide, analgesics, 
relaxants, hypotensive agents, and vasopressors 
being eliminated, except in certain rare circum- 
stances which will be mentioned later. This 
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development has led to a much clearer under- 
standing of the actions of halothane and has 
brought the realization that many of the state- 
ments made in the initial clinical report were mis- 
leading, particularly in regard to the dose-range 
of halothane and to the various drugs which 
should or should not be used with it. The object 
of the present paper is to describe the practical 
development of the work and to present a simple, 
safe, and effective method of anaesthesia which is 
independent of elaborate equipment and easy to 
teach. The various points of academic interest, 
with particular reference to the cardiovascular 
response to halothane, will be reported separately. 


THE CLINICAL DOSE OF HALOTHANE 


Many anaesthetists, with the exception of Marrett 
(1957), Brown and Woods (1958) and others who 
adopted the closed method of administration, 
appear to have overlooked the fact that a known 
concentration of halothane vapour emerging from 
a vaporizer does not indicate the dose of halothane 
unless the volume of gases passing through the 
vaporizer per minute and the patient’s respiratory 
minute volume are equal; these volumes are equal, 
and the vapour concentration significant only with 
the draw-over non-return technique, which is not 
commonly used. 

Raventés (1956), using what was essentially a 
draw-over non-return method, observed the dose- 
range of halothane in the animal’s respiratory 
minute volume of oxygen to be from 1 per cent 
to 4 per cent v/v. This range was adopted for the 
clinical trial when it was reported that, on the 
average, 1.5 per cent of the vapour in a 10 litre- 
a-minute gas flow consisting of at least 50 per cent 
nitrous oxide in oxygen was usually adequate for 
the maintenance of anaesthesia in premedicated 
patients in whom anaesthesia had been induced 
with thiopentone and subsequently supplemented 
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whenever necessary with relaxants (Johnstone, 
1956). It was observed that controlled respiration 
with this mixture often precipitated profound 
hypotension and concluded that controlled res- 
piration was therefore to be avoided during halo- 
thane anaesthesia. In the light of subsequent work, 
it became obvious that controlled respiration 
was not only safe but advantageous, if the input 
of halothane was adjusted to meet the increase 
in the respiratory minute volume, and the conse- 
quent increase in halothane uptake, associated 
with the controlled respiration. 

The preliminary acceptance of Raventdés’ dose 
range led to the production of the Fluotec Mark I 
vaporizer (Brennan, 1957; Mackay, 1957) which 
was designed primarily to pruvide the 1 per cent 
to 3 per cent dose range with high gas flows when 
other agents such as thiopentone, nitrous oxide, 
and relaxants were used to facilitate the induction 
and maintenance of anaesthesia. Whilst this 
method provided satisfactory anaesthesia for all 
types of operations, it was wasteful in the con- 
sumption of both nitrous oxide and halothane. 
The need for a more rational economy soon be- 
came obvious and, as the first step, it was decided 
to discontinue the use of nitrous oxide and reduce 
the oxygen flow rates to 5 litres a minute or less. 
Subsequent attempts to induce anaesthesia with 
halothane-oxygen from the Fluotec Mark I were 
either unsuccessful or unpleasantly prolonged. 
Even following the induction of anaesthesia with 
thiopentone the Fluotec Mark I failed to provide 
adequate anaesthesia in all cases with oxygen flow 
rates of 4 litres a minute unless liberally supple- 
mented with relaxants and analgesics. Its altera- 
tion to the Mark 2 model provided slightly deeper 
anaesthesia which still required supplementation 
with other agents. 

A return was then made to the standard Boyle 
vaporizer and it was recognized that, with the 
lever fully open and the plunger one centimetre 
from the surface of the halothane liquid, surgical 
anaesthesia could be safely induced in less than 
1 minute with an oxygen flow of 5 litres a minute. 
With this mixture, which provided from 6 per 
cent to 8 per cent halothane,* endotracheal intuba- 
tion could be performed without difficulty in from 


*Throughout this paper the percentages given refer 
to the mixture of gases delivered from the vaporizer, 
not to those being inhaled by the patient. 
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2 to 4 minutes. Smooth anaesthesia could then be 
maintained with the same setting of the vaporizer 
and the oxygen flow rate reduced to 1 litre a min- 
ute or less; this provided a safe, effective, and 
economic method of anaesthesia for abdominal, 
orthopaedic, gynaecological, genito-urinary, 
neurosurgical, and most thoracic operations; 
obstetric cases have not been included because of 
lack of opportunity. Spontaneous respiration was 
maintained throughout the induction of deep 
anaesthesia as positive pressure inflation of the 
lungs often precipitated severe bradycardia in 
non-atropinized patients. Controlled respiration 
became perfectly safe as soon as deep anaesthesia 
was established and the maintenance input of 
halothane reduced to around 50 ml of vapour a 
minute in adult patients. It became possible to 
anaesthetize all lower abdominal operations and a 
proportion of the upper abdominal and chest 
operations without relaxant supplementation. 
Anaesthesia was induced and maintained in many 
hundreds of patients, both for in-patient and out- 
patient treatment, with completely satisfactory 
results. 

Although the Boyle vaporizer was satisfactory 
in the hands of experienced anaesthetists, its con- 
trol system did not facilitate the teaching of the 
method and undergraduates found it confusing, 
particularly as the dose of halothane was in- 
fluenced by four variables—the positions of the 
lever and the plunger, the oxygen flow rate and 
the temperature of the halothane liquid. The 
Fluotec Mark 2 was therefore altered to provide 
a concentration range of 1 per cent to 10 per cent 
halothane at all flow rates. This device has now 
been in use for the past twelve months and over 
one thousand patients successfully anaesthetized 
with halothane-oxygen only. Its performance at 
various flow rates is illustrated in figure 1. The 
method of induction and maintenance has been 
standardized as follows: anaesthesia is induced 
with 6 per cent halothane in an oxygen flow of 
5 litres a minute into a to-and-fro system with- 
out the absorber with spontaneous respiration. 
Consciousness is lost within a minute and full 
surgical anaesthesia is established in from 2 to 4 
minutes; 10 per cent halothane in 5 litres of 
oxygen a minute is more rapidly effective for the 
more resistant or robust subjects; surgical anaes- 
thesia is characterized by profound and wide- 
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HALOTHANE (per cont) 


FLOW (litres /min) 
Fic. 1 


Calibration chart of the Fluotec Mark 2 Vaporizer 
(10 per cent). By kind permission of Cyprane, Ltd., 
Keighley, Yorkshire. 


spread muscular relaxation, centrally fixed and 
constricted pupils, and respiratory depression. An 
artificial airway, either oropharyngeal or endo- 
tracheal, may then be inserted and the oxygen 
flow reduced to 1 litre a minute with from 4 per 
cent to 6 per cent halothane, depending on the 
size and condition of the patient. Respiration may 
be assisted gently at this stage and, with the inser- 
tion of the carbon dioxide absorber, complete con- 
trol of respiration may gradually be taken over. 
During the next 15 minutes the input of halothane 
vapour into the circuit is gradually reduced to 30 
ml to 40 ml a minute—6 per cent to 8 per cent in 
500 ml of oxygen a minute—with subsequent 
ircrease or decrease according to the demands of 
the surgery. Cardiovascular behaviour is con- 
stantly observed by sphygmomanometry and 
vasculometry, the latter depicting the amplitude 
of the peripheral pulse wave. The vasculometer 
is a simple and inexpensive device consisting of 
a small carbon microphone energized by a 1} volt 
battery and attached to the thumb or other 
terminal digit. The signals picked up by the 
microphone are fed into either a conventional 
voltmeter, as described by Keating (1952), or 
into a standard electrocardiograph if permanent 
records are required. With the onset of the 
hypotensive and vasodilator effects of halothane 
the amplitude of the peripheral pulse wave be- 
comes progressively bigger, the increase being 
sometimes fivefold. This device has proved to be 
a most reliable monitor for halothane anaesthesia 
and will be the subject of a more detailed and 
separate report. 

The safety of this clinical method of induction 


of anaesthesia with relatively high doses of halo- 
thane is probably dependent on the rapidity with 
which halothane passes from the blood stream 
into fat depots where it becomes inactive (Duncan 
and Raventés, 1959). The dilating effect of halo- 
thane on the peripheral vasculature (Burn and 
Epstein, 1959) will expedite the removal of halo- 
thane from the blood stream so that excessively 
high blood levels will not be attained if reasonable 
precautions are taken to limit the dose to surgical 
proportions. The average patient is more liberally 
provided with fat than the experimental animal 
and it therefore follows that much higher doses 
will be required for clinical purposes if an effec- 
tive blood level is to be achieved in a reasonable 
time. The initially high dose used for induction 
will rapidly depress the ability of fat to absorb 
halothane and it will become possible to maintain 
anaesthesia with much smaller doses. The rate of 
recovery from this apparently high dose has not 
been significantly altered and the method has 
been particularly useful in outpatient anaesthesia. 


THE SIMPLIFICATION OF ANAESTHETIC EQUIPMENT 


The effectiveness of halothane as the sole agent 
for surgical anaesthesia has led to a considerable 
and much needed simplification of equipment. It 
is still necessary to have a cylinder of oxygen with 
reducing valve and flowmeter, an accurate vapor- 
izer, and some simple rebreathing apparatus such 
as the to-and-fro system. Carbon dioxide absorp- 
tion with soda-lime is not essential for operations 
of less than 20 minutes duration, even with an 
oxygen flow rate of 1 litre a minute into the bag; 
the reasons for this statement are presented 
in a separate report dealing with the electrocardio- 
graphic effects of the method (Johnstone and 
Nisbet, 1961). 

The Boyle vaporizer is reasonably satisfactory 
in experienced hands but has the disadvantage 
that occasional alterations in the controls are re- 
quired because of the cooling of the halothane with 
continued use. The Fluotec (10 per cent) is the 
only available vaporizer by which the method 
may be taught with safety, rapidity, and objec- 
tivity; it will provide a constant level of anaes- 
thesia without alteration of the setting when 
adequate anaesthesia has been induced. All these 
items, in addition to a sphygmomanometer and 
vasculometer, can be attached unobtrusively to 
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(a) Equipment used for halothane-oxygen anaesthesia 
in major surgery, A conventional rebreathing bag, 
instead of the bellows illustrated, is used for the 
induction of anaesthesia. 

(b) An adaptation of the Fluotec vaporizer for use 
with air. 


the operating table, as depicted in figure 2a. 

The induction of anaesthesia with sleep doses 
of thiopentone (200 mg to 250 mg intravenously) 
is to be preferred in most hospitalized patients, 
and suxamethonium, either by drip or intermit- 
tent injections, will provide profound relaxation 
much quicker in the early stages of upper 
abdominal surgery—a point to be kept in mind 
for surgeons who work with rapidity. The use of 
thiopentone and suxamethonium, although not 
essential, effects further saving in the consump- 
tion of halothane and oxygen. 
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The use of oxygen, although desirable, cannot 
be regarded as always essential or practical. It is 
possible to induce and maintain anaesthesia with 
halothane and air, using the Fluotec (10 per cent) 
as a draw-over vaporizer. The alteration is made 
by attaching a simple one-way inlet valve to the 
inlet side of the vaporizer and connecting the 
patient to the vaporizer with a length of wide bore 
tubing, an expiratory valve and face mask. As 
halothane usually causes considerable respiratory 
depression which is aggravated by the inspiratory 
resistance of the vaporizer, it is advisable to in- 
corporate some means of assisting respiration. 
This can be done by interposing a bellows type 
bag between the vaporizer and the mask, and 
attaching a non-return valve to the mask, as shown 
in figure 2b. 

There are obviously better and more efficient 
ways of adapting the Fluotec for use with air and 
this method is suggested only for use in the event 
of the failure of the oxygen supply. The use of 
halothane and air is not advocated for regular use 
because, among other disadvantages, it is most 
wasteful in the consumption of halothane and 
causes atmospheric contamination which theatre 
personnel find objectionable. 


HALOTHANE AND NITROUS OXIDE: DIFFUSION 
OXYGENATION 


Soon after the elimination of nitrous oxide (in the 
interests of portability and economy) it became 
obvious that there were other advantages to be 
gained from its absence, particularly in regard to 
oxygenation and circulatory behaviour during 
halothane anaesthesia. It is known that the oxygen 
uptake of subjects in an atmosphere of 90 per cent 
to 100 per cent oxygen is independent of the 
activity of the respiratory musculature. It is be- 
lieved by some that the oxygen is “sucked” into 
the alveoli by the chemical attraction of the re- 
duced haemoglobin in the pulmonary capillaries. 
The phenomenon has been described as the 
“oxygen-haemoglobin pump” or “apnoeic diffus- 
ion oxygenation” (Holmdahl, 1956). Provided the 
air passages are patent and full of oxygen at 
atmospheric pressure and all the body nitrogen 
has been replaced by oxygen, adequate oxygena- 
tion of apnoeic subjects will be maintained by 
diffusion alone so long as the circulatory system 
continues to function. 
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The duration of apnoeic diffusion oxygenation 
is limited by the tolerance of the subject to carbon 
dioxide retention which, after some considerable 
time, will precipitate circulatory failure. The par- 
ticular agents used to induce unconsciousness and 
respiratory paralysis will also influence the reac- 
tion to carbon dioxide. Fifty-five minutes of 
diffusion oxygenation has been recorded in a 
human subject under thiopentone anaesthesia 
(Frumin et al., 1959). 

Halothane has proved to be a most suitable 
agent for the study of diffusion oxygenation in 
clinical anaesthesia, and can be used with up to 
98 per cent oxygen without supplementary drugs 
of any kind. It rapidly causes profound muscular 
paralysis with apnoea; it stops secretory activity 
of the mucous glands; it appears to dilate the 
lower air passages; and the reaction to carbon 
dioxide is minimal and easily controlled in the 
deeper planes of anaesthesia. Periods of apnoea 
lasting up to 20 minutes have been obtained in 
many patients and all have remained pink and 
apparently well oxygenated throughout. 

Apnoeic diffusion oxygenation is now used to 
facilitate difficult surgery in the region of the dia- 
phragm which is rendered completely immobile 
during the more intricate parts of the operations. 
The motionless diaphragm and viscera have 
proved most useful during operations such as 
vagotomy, repair of diaphragmatic hernia, ex- 
ploration and reconstruction of bile ducts, etc. 
The apnoea may be induced with halothane alone, 
the usual dose being 60 ml of vapour a minute 
into a closed carbon dioxide absorption system 
with preliminary hyperventilation to eliminate as 
much carbon dioxide as possible. A smaller dose 
of halothane vapour—30 ml a minute—may be 
combined with suxamethonium drip (0.1 per cent 
w/v). Apnoea to facilitate surgery is seldom re- 
quired for more than 10 consecutive minutes and 
can be maintained intermittently for a much 
longer period if the lungs are inflated at opportune 
times to maintain the depth of anaesthesia and to 
prevent too high a rise in the carbon dioxide 
tension. 

The cardiovascular response to apnoeic dif- 
fusion oxygenation varies with the method 
adopted for maintaining it. With deep halothane 
the blood pressure remains either unchanged or 
tends to fall slightly, and increases rapidly when 


33 


the carbon dioxide is eliminated with the resump- 
tion of ventilation. The following is a case history 
illustrating this deep halothane method. 


Case history. 

Thin female, 33 years. For vagotomy and pylorec- 
tomy for peptic ulceration. Premedication nil Heart 
and lungs normal, blood pressure 120/80 mm Hg. 
Anaesthesia induced with thiopentone 200 mg intra- 
venously with atropine 0.2 mg, followed by suxame- 
thonium 50 mg and intubation. Anaesthesia then 
maintained with 10 per cent halothane in 500 ml of 
oxygen a minute fed into a Waters absorption unit. 
Respiration was manually controlled throughout with 
positive-negative pressure using a small bellows type 
bag instead of the conventional Waters bag, except for 
a period of apnoea during the vagotomy. 

The systolic blood pressure remained at 85 mm Hg 
during the operation which lasted 55 minutes. Spiro- 
metry during a period of apnoeic oxygenation during 
halothane and oxygen anaesthesia, lasting 16 minutes 
gave the tracing shown in figure 3A. Throughout the 
period of apnoea the patient remained pink and 
showed neither sweating nor dilatation of the pupils. 
The systolic blood pressure gradually fell from 85 
mm Hg to 75 mm Hg and isolated ventricular extra- 
systoles appeared during the 12th minute. After 16 
minutes the patient’s lungs were ventilated with 2 
per cent halothane in § litres per minute of oxygen 
with the soda lime canister in situ. The extrasystoles 
ceased in | minute; the blood pressure rose to 110 
mm Hg systolic in 3 minutes; and spontaneous 
respiration started 2 minutes later. The spirometer 
was then re-attached, this time charged with § per 
cent halothane in oxygen, and a tracing obtained 
with the patient breathing spontaneously (fig. 3B). 
During the last minute of diffusion oxygenation the 
oxygen uptake was equal to the uptake during the 
last minute of the tracing taken during spontaneous 
respiration. Tracings A and B are not strictly compar- 
able as A was made during a much deeper level of 
anaesthesia. 


Diffusion oxygenation induced during light 
halothane anaesthesia with a suxamethonium drip 
is associated with a progressive rise in blood pres- 
sure and increase in the oxygen uptake during the 
period of apnoea (Johnstone, 1959). The cause of 
this difference in cardiovascular response is not 
known but is probably related to carbon dioxide 
retention during light halothane anaesthesia. 
There is also the possibility that suxamethonium 
may exert a mildly hypertensive effect as it has 
been noticed that the blood pressure during 
halothane-oxygen-suxamethonium anaesthesia is 
usually maintained at higher levels than during 
halothane-oxygen only. 

It is beyond the scope of this paper to enter 
into a detailed discussion of the implications of 
diffusion oxygenation during halothane anaes- 
thesia. The subject has been broached only to 


Bis 
< 
| 
ies 
ie 
ON 
: 
t 


BRITISH JOURNAL OF ANAESTHESIA 


if 


{ 


Bren. 


THT 


Fic. 3 
Spirometric tracings (Benedict-Roth) during halothane-oxygen anaesthesia: 
(A) Apnoeic diffusion oxygenation during deep anaesthesia. 
(B) Oxygenation and spontaneous respiration during a lighter plane of anaesthesia. The 
25 per cent increase in the tidal volume during the 7th to the 9th minutes of this 
tracing was due to assisted expiration by gentle pressure on the upper abdomen during 


exhalation. 


(C) Tracing obtained immediately after the removal of the soda lime canister; note the rapid 
increase in the tidal volume following carbon dioxide retention during light halothane- 


oxygen anaesthesia. 


(D) After the reinsertion of the soda lime canister at Point SL. 


illustrate its usefulness in clinical practice and to 
provide evidence to support the claim that anoxia 
is impossible during halothane-oxygen anaesthesia 
provided the patency of the airway is preserved, 
the supply of oxygen maintained, and the appro- 
priate dose of halothane administered. The use of 
nitrous oxide with halothane destroys what must 
be one of the most important safeguards in 
clinical anaesthesia. Although it may be possible 
to make a case against oxygen (Rosin, 1957), 
criticisms of its use in circumstances inevitably 
involving the risk of either local or general 
asphyxia, whether from anaesthetic or surgical 
causes, should be regarded as absurd. 

When nitrous oxide is administered with halo- 
thane it may exert a depressant effect on the 


cardiovascular system. Circulatory collapse and 
cardiac arrest following the administration of 
nitrous oxide to patients anaesthetized with halo- 
thane-oxygen have been reported (Young and 
Lodge, 1959; Apivor, 1959). The evidence pre- 
sented suggests that the collapses were probably 
due to acute oxygen lack in the absence of the 
normal sympathetic response to asphyxia (John- 
stone, 1959). Circulatory failure of this type 
may occur if nitrous oxide is administered, 
after a period of deep halothane-oxygen anaes- 
thesia to an elderly, or debilitated patient—those 
regarded as sensitive to ganglionic blocking agents. 
It is unlikely to be seen in the young and robust 
subject but might be possible if unnecessarily high 
doses of halothane were to be administered before 
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the nitrous oxide. The following case gives an 
example of collapse occurring in a relatively unfit 


subject. 


Case history. 

Male, 53 years. For dressing of the stump of the 
left thigh amputated one week previously following 
an industrial accident. Blood pressure 140/80 mm Hg. 
Heart and lungs normal. Afebrile. Pulse rate 84/min. 
No premedication. Anaesthesia induced with 10 per 
cent halothane in § litres of oxygen a minute into a 
to-and-fro system without a canister. Anaesthesia 
maintained with 6 per cent halothane in 1 litre of 
oxygen a minute with spontaneous respiration and 
carbon dioxide absorption. Following induction 
his blood pressure settled at 85 mm Hg systolic, the 
pulse rate at 72/min and the amplitude of the peri- 
pheral pulse was increased threefold. After 30 
minutes the halothane was turned off and nitrous 
oxide 6 litres a minute with oxygen 2 litres a minute 
were substituted. Within 2 minutes the systolic blood 
pressure dropped precipitously to 35 mm Hg, the 
pulse wave fell to one-third of its size under halo- 
thane and spontaneous respiration remained ade- 
quate. Oxygen only was administered for the next 
minute followed by 3 per cent halothane in 1 litre 
of oxygen a minute, the blood pressure rapidly 
returning to 80 mm Hg systolic. The operation was then 
started and completed successfully under halothane- 
oxygen anaesthesia; recovery was uneventful. 


Collapses of similar severity have been observed 
following the administration of the halothane- 
ether azeotrope to patients already adequately 
anaesthetized with halothane-oxygen (Johnstone 
et al., 1960); these also occurred in the presence 
of spontaneous respiration and were associated 
with diminution in the amplitude of the peripheral 
pulse wave. 

Halothane causes hypotension of a much lesser 
degree in patients breathing spontaneously and it 
is always associated with a considerable increase 
in the amplitude of the peripheral pulse wave. 
The more profound levels of hypotension require 
the use of controlled respiration to ensure the ade- 
quate uptake of the halothane which, for this 
purpose, has not exceeded 100 ml of vapour a 
minute in the younger and more robust patients 
and 50 ml a minute for the elderly and less robust 
subjects; the dose decreases in all cases as the 
duration of anaesthesia increases. The end-point 
of this relatively high dosage is indicated by a 
decrease in the amplitude of the peripheral pulse 
wave; thereafter the usual dose is 40 ml a minute, 
increasing or decreasing according to the be- 
haviour of the blood pressure and the pulse wave. 

Halothane-oxygen has provided a hypotensive 
technique which is completely controllable in 


either direction, if the dose of halothane is care- 
fully preserved within the above mentioned limits 
and the reaction of the peripheral pulse wave 
constantly observed. Hypotension of any required 


_ degree can be achieved in all patients. Reversal of 


the hypotensive effect starts immediately after the 
reduction or withdrawal of the halothane and 
vasopressors are seldom required if the blood 
volume is maintained within normal limits. The 
method has provided astonishingly bloodless 
operating fields, particularly in neurosurgery, and 
has provoked no complications either during or 
after the operations. Neither the author nor his 
surgical colleagues have been able to detect any 
significant evidence of neurological, cardiac, 
hepatic, or renal damage after systolic pressures 
as low as 30 mm Hg intermittently induced 
during prolonged surgery. Similar satisfactory 
results have been obtained in patients with ad- 
vanced diseases of the heart, liver, kidneys, and 
central nervous system, though the more profound 
degrees of hypotension are avoided in these 
patients. 

The postoperative condition of patients after 
profound hypotension induced by. halothane-oxy- 
gen is in contrast to that following the use of 
nitrous oxide combined with hypotensive drugs. 
The difference has raised the suspicion that many 
of the neurological complications of previous 
hypotensive methods may have been related to the 
nitrous oxide rather than to the ganglioplegic 
agents. Transient confusional states were occa- 
sionally seen after prolonged hypotension during 
halothane-nitrous oxide-6xygen anaesthesia; this 
complication has not been observed since nitrous 
oxide was abandoned despite the use of lower 
systolic pressures. 


HALOTHANE AND ATROPINE 


The importance of atropine in relation to halo- 
thane was overestimated in the first clinical trial 
and the suggested dose of 1 mg will often do 
more harm than good. Doses of this magnitude 
with the more recently developed techniques 
cause tachycardia which provokes considerable 
increases in bleeding from cut tissues and nullifies 
one of the more valuable properties of halothane 
anaesthesia. Atropine-induced bleeding persists 
despite hypotension and the combination of hypo- 
tension and tachycardia is most undesirable as the 
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cardiac stroke volume output may be seriously 
reduced by the restricted diastolic filling time. 

An investigation of the bradycardia which 
occurs during halothane anaesthesia has revealed 
that the major factor in its production is over- 
distension of the lungs—by manual inflation— 
with high doses of halothane in the early stages of 
anaesthesia when the vagal reflexes are most 
active. The writer has induced halothane anaes- 
thesia in over 500 non-atropinized patients of all 
age groups using up to 10 per cent halothane in an 
oxygen flow of 5 litres a minute into a to-and- 
fro system with spontaneous respiration until 
anaesthesia deep enough to permit endotracheal 
intubation is achieved. The concentration is then 
reduced to 4 per cent halothane in 1 litre of oxygen 
a minute and respiration gently assisted or con- 
trolled if necessary. Some degree of slowing of 
the pulse rate usually occurs but only in two cases 
has it been necessary to administer 0.2 mg 
atropine intravenously to maintain a reasonable 
rate. One of these patients was a neurosurgical 
patient with increased intracranial pressure and 
a resting pulse rate of 45 beats a minute which 
fell to 28 beats a minute during induction with 
halothane. 

Atropine premedication has now been stopped 
in outpatient anaesthesia and in all circumstances 
in which hypotensive control of bleeding is im- 
portant. It is still considered advisable to give 0.2 
mg intravenously prior to the rapid intravenous 
injection of suxamethonium as this relaxant has 
been observed sometimes to exert a powerful 
muscarine effect on the heart (Johnstone, 1955). 
The 0.2 mg can be conveniently mixed with the 
induction dose of thiopentone; gallamine triethio- 
dide 25 mg is a satisfactory alternative to atropine 
in these circumstances. It must be realized, how- 
ever, and it cannot be over-emphasized, that 
overinflation of the lungs in the non-atropinized 
patient during the early stages of halothane anaes- 
thesia will precipitate failure of the peripheral 
pulse more rapidly and more consistently than 
any other clinical anaesthetic procedure known. 


Case history. 


Thin male, 63 years, For suprapubic prostatec- 
tomy. Heart and lungs normal, blood pressure 


145/80 mm Hg. No premedication. Under continuous 
electrocardiographic control anaesthesia was induced 
with 10 per cent halothane in an oxygen flow of 5 
litres a minute into a to-and-fro circuit. Intubation 
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was performed with ease in 3 minutes. After the 
insertion of the endotracheal tube the lungs were 
fairly vigorously inflated with 7 per cent halothane 
in oxygen 5 litres a minute. In less than a minute 
the patient was pulseless and apnoeic but without 
pallor or cyanosis, Oxygen only was given with 
gentle inflation and 1 minute later a feeble carotid 
pulse was palpable. Ten milligrammes of methoxamine 
intravenously restored the systolic pressure to 100 
mm Hg but the bradycardia and complete atrioven- 
tricular block persisted. Atropine 0.25 mg was then 
given intravenously and 30 seconds later the electro- 
cardiogram was normal with a sinus rhythm of 100 
beats a minute. The concentration delivered into the 
circuit was then maintained at halothane § per cent 
in 1 litre of oxygen a minute with controlled respira- 
tion without any subsequent change in the pulse rate. 
The prostate was removed without difficulty and 
recovery was uneventful, The electrocardiographic 
details of the collapse are illustrated in figure 4. 


The cause of the collapse in this case was 
intense vagal inhibition of the heart provoked by 
overinflation of the lungs with an unnecessarily 
high dose of halothane in the early stages of 
anaesthesia in a non-atropinized subject, a reac- 
tion which is common to all volatile agents (John- 
stone, 1955a). Inflationary methods such as this 
should not be attempted in the non-atropinized 
patient until all the signs of surgical anaesthesia 
are present and the dose of halothane reduced to 
the maintenance level of around 40 ml a minute 
of the vapour. 

Atropine premedication will undoubtedly 
eliminate the risk of vagal cardiac arrest during 
halothane anaesthesia but at the price of increased 
bleeding and, in certain circumstances to be re- 
ported separately (Johnstone and Nisbet, 1961), a 
high incidence of ventricular arrhythmias. It is the 
writer’s opinion that atropine is unnecessary in 
most cases if the anaesthetist constantly bears in 
mind the aetiology of vagal arrest. Nevertheless, 
it is preferable to keep a supply immediately 
available in case of accidents and to use the 
drug only when a definite indication exists. Vagal 
arrest of the heart does not occur suddenly, and, 
if the pulse rate is under constant observation, 
there is ample time for the intravenous injection 
of the small dose of atropine; for this purpose a 
simple pulse indicator is invaluable. Atropine 
may be an advisable premedication when the 
anaesthetist is unfamiliar with the use of halo- 
thane, or when the means to measure accurately 
and constantly the dose of halothane are not 
available. In the latter circumstances the atro- 
pine is best injected intravenously in doses of 
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Male, 63 years. Prostatectomy. No premedication. All lead 2. 


(a) Before induction. 


(b) After halothane 10 per cent in 5 litres of oxygen a minute for 4 minutes; immediately 


before endotracheal intubation. 


(c) Immediately after the insertion of the endotracheal tube. 


(d) One minute later, after overinflation of the lungs with an overdose of halothane (350 
ml of halothane vapour per minute). Tracing shows bradycardia with complete heart 


block. Radial pulse impalpable. 


a 


(e) One minute later, after methoxamine 10 mg intravenously. Blood pressure (radial artery) 
now 100 mm Hg systolic. Bradycardia with complete heart block still present. 

(f) One minute after the injection of atropine 0.25 mg intravenously. Deep anaesthesia 
present, with controlled respiration and a halothane input of 50 ml of vapour a minute. 


Normal electrocardiogram. 


about 0.25 mg immediately before the induction 
of anaesthesia. 


CONCLUSIONS 


It is now obvious that halothane with oxygen may 
be used as the sole agent for the induction and 
maintenance of surgical anaesthesia in non-pre- 
medicated patients undergoing many types of 
surgical operations, excluding possibly obstetrical 
—the latter have been excluded from this investi- 
gation by lack of opportunity. This development 
has permitted the simplification of anaesthetic 


equipment to such a degree that all the essential 
items for most operations can, if required, be 
attached unobtrusively to the operating table. 
Using the method described in this paper the 
dose range delivered into the circuit for adults is 
from 250 ml to 500 ml of vapour a minute for 
induction and around 40 ml a minute for main- 
tenance; doses up to 100 ml a minute may be 
required for the hypotensive control of bleeding 
in the more robust subjects. The hypotensive 
effect of halothane is minimal if the uptake is 
regulated by variations in spontaneous respira- 
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tion. Controlled respiration with positive-nega- 
tive phasing is usually required for the hypo- 
tensive methods. 

If the full benefits of this method of anaesthesia 
are to be appreciated it is suggested that the 
anaesthetist should be constantly aware of the 
precise dose of halothane in ml/min of vapour 
which is being made available to the patient. At 
the present time the Fluotec (10 per cent) is the 
only available vaporizer capable of providing this 
information. This vaporizer has led to the 
development of economical and closed methods of 
administration in which controlled respiration 
may be used with safety and advantage. 

The cardiovascular effect of the halothane made 
available to the patient should be constantly 
observed, particularly when controlled respiration 
and the hypotensive dose ranges are used. The 
simple pulse indicator has proved invaluable for 
this purpose, indicating both the pulse rate and 
the amplitude of the peripheral pulse wave. This 
instrument is ideally suited to halothane anaes- 
thesia as the vasodilator effect of the drug is 
associated with a greatly increased amplitude of 
the pulse wave. For the hypotensive control of 
bleeding halothane can be administered with 
safety until the amplitude of the wave begins to 
fall, at which point the dose should be reduced. 

It is not suggested that this is necessarily the 
best way to use halothane or to manage any par- 
ticular surgical operation. The occasional use of 
other drugs is advisable from time to time—drugs 
such as atropine, thiopentone, suxamethonium, 
methoxamine, and pethidine; but they cannot be 
regarded as always essential. This is probably the 
only method, however, which provides objective 
evidence of the value of halothane in clinical prac- 
tice and it sets a pattern for comparative studies 
with other agents such as chloroform, ether, cyclo- 
propane, nitrous oxide, etc. There is every indica- 
tion that halothane, without supplementation or 
dilution by other agents can provide the neces- 
sities of anaesthesia for a remarkably wide range 
of surgical operations. 


SUMMARY 
A method has been described whereby surgical 
anaesthesia can be safely and rapidly induced and 
maintained with halothane delivered from a 
vaporizer in concentrations up to 10 per cent in 
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oxygen for operations in both inpatients and 
outpatients, all other drugs being excluded. It is 
appreciated that this does not indicate the con- 
centration being inhaled. 

For this purpose it has been necessary to in- 
crease the dose range of the Fluotec vaporizer to 
provide up to 10 per cent halothane. This has led 
to the development of safe and economical 
methods of administration incorporating closed 
systems and controlled respiration for a remark- 
ably wide range of surgical procedures. 

For the complete safety of the method it has 
been suggested that, in addition to the constant 
and accurate assessment of dosage by means of 
the Fluotec vaporizer, the effects of halothane on 
the patient’s peripheral vasculature should be 
monitored by vasculometry. Reference has been 
made to a simple and inexpensive device which 
has been most successful in constantly depicting 
the state of the peripheral circulation during halo- 
thane anaesthesia. 

A pattern has been set for the comparative 
study of halothane with other anaesthetic agents 
and techniques. 
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ADDENDUM 


The systolic blood pressures referred to in this report 
are digital, except where otherwise stated. For 
neurosurgical anaesthesia a closed circuit was devised 
from which a similar dose range of halothane in 
oxygen was administered from a Fluotec (10 per cent) 
vaporizer situated outside the circuit and provided 
with the facilities for positive-negative control of 
respiration. This equipment is a modification of the 
portable closed circuit anaesthetic machine designed 
and constructed by Dr. Richard Stephens of Sydney, 
Australia, and full details, in addition to an account 
of the results obtained in neurosurgical anaesthesia, 
will be reported separately. 


CORRESPONDENCE 


A. C. KING LTD 


Sir,—I should like to express through you, Sir, 
a sense of disappointment at a recent commercial 
decision. 

From the first of October last, I am given to 

understand, the name of A. C. King Ltd. ceased 
to exist. There must be many engaged in the 
practice of anaesthesia, as well as in the produc- 
tion of anaesthetic equipment, who regret this 
administrative change, seeing in it the end of an 
era. 
To those of us who have been in anaesthetic 
practice for some while Charles King was and, 
though now in retirement, still is a friend. Those 
who have entered the specialty more recently 
have reason to be grateful for his devotion which 
built up a unique museum and library in London. 
They will recognize his great friendliness in the 
welcome they receive from his successors in 
Devonshire Street. 

In your editorial on his retirement from busi- 
ness in 1953 you pointed out that “he was ever 


a friend of this Journal” (Brit. 7. Anaesth., 25, 
2). How prophetic was the preceding sentence 
in that same editorial when you stated that “it 
seems unlikely that the close and intimate con- 
tact, which existed between him and anaesthe- 
tists, was a relationship which can possibly be 
maintained with large monopolies and industrial 
concerns”. 

While I do not pretend to understand the 
complexities of commercial organization and I 
am sure there are many difficult problems at all 
levels, I do feel it is a sad reflection on our times 
if the name of so great a friend shall disappear 
from our everyday life, as it were, by the stroke 
of a pen. 

If any of your readers feel likewise perhaps an 
expression of their views will encourage those 
responsible for making such decisions to seek for 
some way in which to perpetuate a great example 
of personal service to our young specialty. 

T. DINSDALE 
Manchester 
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ANAESTHESIA FOR CAROTID ARTERIAL SURGERY 


BY 


P. F. KNIGHT 
St. Mary’s Hospital, London, W.2, England 


Tue surgical correction of stenosis and other 
lesions of the carotid arteries is now increasingly 
common. This is due in part to wider recognition 
of the frequency of these conditions and to im- 
proved radiological techniques in diagnosis; but 
mainly to advances in anaesthesia and surgery 
which have made possible procedures formerly 
prevented by associated tissue damage due to pro- 
longed ischaemia. 
THE PROBLEMS 

The problems of anaesthesia in these cases are 
twofold: primarily, that of preventing anoxic 
brain damage during periods of arterial occlusion; 
and secondly, that of the management of a group 
of patients of advancing years, who in the majority 
of instances are suffering from generalized de- 
generative arterial disease and often from its 
accompaniments of ischaemic cardiac disease or 
cerebrovascular lesions. 

Carotid and vertebral angiography, used in the 
diagnosis and pre-operative assessment of these 
cases, reveal a considerable variation in the degree 
of pre-existing encroachment on the normal cere- 
bral arterial inflow with which patients may be 
presented for surgery. This may range from a 
partial stenosis of one carotid artery only, to cases 
in which there is involvement in some degree of 
both carotids and perhaps of the vertebral arteries 
in addition. Rob and Wheeler (1957) have em- 
phasized that those cases involving clamping of a 
partially stenosed internal carotid artery, or those 
in which the common carotid is clamped below 
a total block of the internal carotid (thus inter- 
fering with collateral circulation), will suffer brain 
damage unless hypothermia is employed. Cases in 
which only a vessel already totally occluded by 
disease is to be clamped obviously undergo no 
reduction in cerebral blood flow and do not merit 
hypothermia. Thus careful assessment of the type 
and site of the lesion influences the decision to 
employ this technique. 


Bering et al. (1956), using monkeys, showed 
that the relationship of brain oxygen consumption 
to temperature was not linear but S-shaped, and 
suggested that for reasonable benefit during 
neurosurgery the temperature should be lowered 
to at least 30°C, since little reduction in brain 
metabolism occurs above 31°C, while oxygen con- 
sumption at 30°C drops to 50 per cent of normal. 
Thus hypothermia to 30°C is aimed at in these 
patients, and levels below 28°C are avoided in 
view of the increased liability to cardiac arrythmia 
below this temperature. 

The use of hypothermia probably has a second- 
ary protective function in preventing intracerebral 
thrombosis during periods of arterial occlusion, by 
way of its effect on coagulation and the level of 
circulating platelets (Macfarlane, 1948). 

Stone et al. (1956) demonstrated that the onset 
of shivering during hypothermia could raise brain 
oxygen consumption by over 100 per cent and it 
is essential that this is not allowed to occur, par- 
ticularly during periods of carotid clamping. 


METHOD OF HYPOTHERMIA 


The method of hypothermia employed has been 
that of surface cooling, using either icebags and 
fans, or a collapsible canvas bath for total immer- 
sion of the patient. This method, though slower 
than pervascular techniques, has the great virtue 
of simplicity and there is a relative absence of 
morbidity due to the technique alone. Tempera- 
ture is recorded by a direct reading thermistor 
thermometer with leads inserted a measured dis- 
tance into the oesophagus (thus lying closely re- 
lated to the heart) and into the rectum. The 
oesophageal lead has been shown by Cooper and 
Kenyon (1957) to provide a reliable index of 
blood temperature during cooling, and the rectal 
lead, though slower and less accurate in recording 
temperature trends during cooling, has proved 
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useful in following temperature changes at the 
slower rate of rewarming in the ward. 

Electrocardiographic monitoring at frequent 
intervals during cooling is desirable, particularly 
in view of the high incidence of ischaemic heart 
disease in these patients, and the fluctuations of 
blood pressure that may occur during manipula- 
tion of the carotid sinus. The electrocardiographic 
record has also proved a useful early indication of 
shivering. 

In earlier patients the method of anaesthesia 
employed during hypothermia involved the use of 
the conventional sequence of nitrous oxide and 
oxygen with pethidine and small increments of 
d-tubocurarine chloride to prevent shivering, and 
the use of controlled respiration through an ab- 
sorber—essentially a modified form of the tech- 
nique described by Cheatle (1957) and Thornton 
(1957) for aortic reconstruction under hypother- 
mia in this Unit. It was felt, however, that for 
carotid surgery, with no necessity for either pro- 
found relaxation or controlled respiration, this 
sequence held certain disadvantages and was open 
to certain criticism. Firstly, the use of nonvolatile 
agents such as pethidine and relaxants is associated 
with delayed excretion of these drugs due to re- 
duced metabolism (Delorme, 1955). Prolonged 
recovery periods may occur and difficulty may be 
experienced in instituting adequate spontaneous 
respiration. Secondly, the reversal of d-tubocura- 
rine with neostigmine at low temperatures may be 
incomplete due to delayed excretion and depressed 
acetylcholine formation (Brown, 1954) and may 
be hazardous in the presence of the bradycardia 
seen at these temperatures, despite the use of 
atropine. Recurarization may be seen as rewarm- 
ing occurs (Zaimis et al., 1958). Thirdly, vaso- 
dilatation is not marked and hence the rate of cool- 
ing may be slow, with a severe after-fall and a 
danger of overshooting the desired temperature 
level (Scurr, 1955), due to the existence of a “cold 
shell”. 

These considerations pointed to the desirability 
of an inhalation agent and led to the use of halo- 
thane, the properties of which, by avoiding the 
drawbacks mentioned, appear to offer certain 
advantages in hypothermia over the previous tech- 
nique. In a small number of cases this drug has 
proved very satisfactory. 


DETAIL OF TECHNIQUE WITH HALOTHANE 


All patients have routine pre-operative chest radio- 
graphs and electrocardiograms and estimations 
of haemoglobin, electrolytes and blood urea are 
performed. Premedication consists of pethidine 
100 mg and atropine 0.65 mg, given 1 hour pre- 
operatively. Anaesthesia is induced with a sleep 
dose of 5 per cent thiopentone (varying in this 
series from 200 to 400 mg) followed by suxa- 
methonium 80 mg and atropine 0.65 mg. 
After inflation of the lungs the larynx is visualized 
and sprayed with 4 per cent lignocaine and intuba- 
tion is performed with the largest possible cuffed 
oral Magill tube. Anaesthesia is maintained using 
nitrous oxide 5 1. and oxygen 3 1./min, 1 per cent 
halothane being delivered into an M.LE. circle 
absorber from a Fluotec vaporizer. The lungs are 
ventilated until respiration returns and breathing 
is then normally unassisted throughout cooling, 
with the absorber in circuit and with a controlled 
leak. An infusion of half normal saline is set up 
and electrocardiographic leads are attached. The 
thermometer leads are then inserted, the patient 
stripped and then either packed with ice bags from 
head to feet or placed in a canvas bath which is 
filled with iced water at 7 to 9°C. Changes in am- 
bient temperature have little effect on the rate of 
cooling, which depends primarily on the body 
weight and on the degree of obesity. 

During cooling, recordings are made every 15 
minutes of pulse rate, blood pressure, and oeso- 
phageal and rectal temperature and the three 
standard electrocardiograph leads. In order to 
achieve the desired level of 30°C at the com- 
mencement of operation, the ice bags are removed 
when a temperature of 30.5°C is attained or, when 
the immersion method is used, the bath is emptied 
at 33°C. The patient is then dried and covered 
with a prewarmed electric or circulating blanket 
which is heated or removed according to tempera- 
ture trends during the operation in order to mini- 
mize after-fall. Over-rapid rewarming during sur- 
gery of both carotid arteries has not been encoun- 
tered. 

On completion of the operation the patient is 
allowed to rewarm at the rate of about 1 to 1.5°C 
per hour and is kept in the operating theatre until 
a definite upward trend in temperature is noted 
and a temperature of 30.5°C has been exceeded. 
Light anaesthesia is maintained during this period 
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with halothane 0.5 per cent in order to prevent 
severe shivering with its attendant circulatory 
strain. 

Patients are then returned to the ward with the 
rectal thermometer lead in situ, and breathing 
oxygen. The progress of rewarming is controlled 
by covering with blankets and intermittent use of 
the electric blanket, if necessary, while shivering is 
prevented by the use of pethidine. 

A chart of the course of cooling, with blood 
pressure and pulse trends during this procedure 
in a typical case of this series is shown in figure 1. 
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instead of assuming the cyanotic tinge of cold 
stasis so often seen during hypothermia. After-falls 
in temperature are lessened—presumably because 
of the absence of a thick cold shell with its asso- 
ciated temperature gradients. In addition the 
danger of vascular collapse due to dilatation re- 
placing vasoconstriction during rewarming would 
seem to be reduced. The lessened hazard of cold 
necrosis in well dilated extremities was noted by 
Gray (1955) and, in fact, no complications of this 
sort were experienced. 

The prevention of shivering was very effective 
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OBSERVATIONS 

Experiences with halothane. 
One of the most evident features of halothane 
anaesthesia is the marked peripheral vasodilatation 
which occurs and it was largely this property 
which suggested its use in an attempt to increase 
the rate of heat loss during hypothermia. In prac- 
tice the use of this drug has reduced cociing times 
considerably, from 3 to 4 hours to an average of 
1 to 14 hours with ice bags, or even less when 
using the bath. The extremities of these patients 
have remained warm and pink at low temperatures, 


Fic. 1 
The course of anaesthesia during carotid thrombo-endarterectomy. 
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and halothane concentrations of less than 1.5 per 
cent were invariably adequate for this purpose. 
At this light level of anaesthesia the blood pres- 
sure reduction was small, provided that additional 
atropine was given at the time of induction of 
anaesthesia and respiration appeared clinically 
adequate, with no necessity for manual assistance. 

Elimination was rapid, with short recovery 
periods. Early recovery of consciousness was seen 
in several patients at temperatures of 30.5°C, a 
point of importance in the prophylaxis of post- 
operative chest complications. 
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In the majority of these cases blood replacement 
was unnecessary. 


pH, Pco,, and electrocardiographic changes 
Figure 2 shows the pH and Pco, changes occur- 
ring in arterial blood during cooling in four of the 
patients anaesthetized with halothane. Samples for 
these estimations were taken from the femoral 
arteries into heparinized syringes, and pH 
measured by the method of Astrup and Schroder 
(1956), using a direct-reading radiometer pH 
meter, having restored the samples to 38°C. 
Results were corrected for temperature (for these 
purposes no account was taken of variation in 
haemoglobin, plasma proteins, etc.) and Pco, 
values were obtained from the Singer-Hastings 
nomogram, having estimated total carbon dioxide 
values by a modification of the manometric 
method of Van Slyke. All patients show the ex- 
pected increasing acidosis as cooling proceeds, yet 
clinically this produced no adverse signs and pro- 
longed recovery periods or profound blood pres- 
sure falls after cessation of anaesthesia were not 


seen. 
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pH and Pco, changes in arterial blood in 4 patients. 
Halothane 1 per cent. Spontaneous respiration. 


Black et al. (1959) demonstrated during halo- 
thane anaesthesia at normal temperature a definite 
Pco, threshold in each case above which cardiac 
arrhythmia occurred. They showed that the mag- 
nitude of this figure varied inversely with the 
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systolic pressure while bearing no relationship to 
actual inspired halothane concentrations. It 
seems probable that the use of this drug in hypo- 
thermia is associated with a lessened incidence of 
serious cardiac arrhythmia. 

Electrocardiograms in these patients show the 
normal changes of hypothermia, including brady- 
cardia with widening of PR interval QRS com- 
plex and ST segment. Ventricular ectopic beats 
occurred infrequently at temperatures of 30° to 
31°C, and were the commonest arrhythmia 
seen. Auricular fibrillation during rewarming was 
seen in one patient anaesthetized with halothane 
but this reverted spontaneously to normal rhythm 
as the temperature rose. Ventricular fibrillation 
occurred once only at a temperature of 35°C in 
a patient aged 54 whose pre-operative electro- 
cardiogram suggested cardiac ischaemia. Anaes- 
thesia in this patient was carried out using nitrous 
oxide and oxygen, pethidine and d-tubocurarine, 
with controlled respiration. The cause of fibrilla- 
tion here is not clear but complete recovery 
followed successful cardiac massage. 


RESULTS 


Over 100 patients, anaesthetized by various mem- 
bers of this department, have been operated on 
for lesions of the carotid arteries. In 64 unselected 
examples there were 59 cases of carotid stenosis 
due to atheroma or thrombus; 2 carotid 
aneurysms; 2 carotid body tumours; and 1 peri- 
arterial haematoma following angiography. 
Fifty-three patients were operated on under 
hypothermia and 20 of these were anaesthesized 
with halothane. 

The average duration of carotid artery clamp- 
ing for thrombo-endarterectomy was 20 minutes 
and the longest period recorded in this series was 
35 minutes at 29.5°C in a patient with a partial 
stenosis of the internal carotid artery. 

Complications were few and recovery was 
uneventful in the majority of patients. There 
were 4 deaths, of which 2 only could be remotely 
associated with anaesthesia. The first of these 
was due to pulmonary embolism and myocardial 
infarction on the second postoperative day and 
followed uneventful anaesthesia without hypo- 
thermia for a total carotid thrombosis. The second 
occurred from bronchopneumonia after opera- 
tion under hypothermia in a patient with a pre- 
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existing hemiplegia and disordered consciousness 
due to an acute carotid thrombosis. No deaths 
occurred in the 20 patients anaesthetized with 
halothane. There were 3 instances of transient 
auricular fibrillation during rewarming (1 follow- 
ing halothane) and 1 case of left basal pneumonia 
following hypothermia. 


SUMMARY 


The problems of anaesthesia for surgery of the 
carotid artery are discussed. 

A method of hypothermia with halothane 
anaesthesia, used in certain of these cases, is 
described. The advantages of using this drug are 
enumerated. 

It is believed that the properties of halothane 
render it particularly suitable for use with hypo- 
thermia in this type of case. 
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INDUCED HYPOTENSION IN GYNAECOLOGICAL SURGERY 
A Review of 1,000 Major Cases 
BY 


Joun L. LINACRE 
Eastbourne Group of Hospitals, Sussex, England 


TABLE I 


Tue practice of using induced hypotension during 
Types of operation. 


surgical operations as an aid to anaesthetic 
methods has given rise to prognostications of the 
dire consequences that can arise. This paper is Operations for prolapse: 


concerned with the results obtained in 1,000 Vaginal hysterectomy with repair 
Other plastic repairs: 


major gynaecological operations in which this Fothergill operations 


method has been used as a routine. The technique Anterior colporrhaphy and 
amputation of the cervix 


which was adopted follows the general principles . 4 : 
recommended by Enderby (1951), a head-down 


tilt being used in all cases. This is a valuable safe- Anterior colporrhaphy 
Posterior colpoperineorrhaphy 


guard against the hazards of an unusually severe Repair of enterocele and posterior 
fall in blood pressure, especially in the elderly. It colpoperineorrhaphy 


also improves drainage of blood from the opera- 


Abdominal hysterectomies: 


tive field, though Iss effectively than a foot-down Total 
tilt in operations on the upper half of the body. Subtotal 


Extended (Werthei 
These are listed in table I. The patients were Other operations: 
mostly of middle age but 103 were over 70 years Vulvectomy—simple 
-- radical 
and 10 were over 80 years old (fig. 1). None were Laparotomy 
excluded on grounds of age. The method was not a ene ses 
epair Of vesico- vagina stula 
used for shorter procedures such as salpingec- Repair of recto-vaginal fistula 
tomy, simple ovarian cystectomy, hysterotomy, Myomectomy 
ventrosuspension; nor for confirmatory laparo- Pelvic lymphadenectomy 
tomy in advanced malignancy. Outside this group, Salpingectomy (pelvic carcinoma) 
53 major cases did not receive induced hypo- 
tension for various reasons. These are shown in 
table II. 


Anaesthetic technique. 

Fit patients were admitted two days before 
operation. Those with procidentia, of poor phy- 
_— or having intercurrent disease were gi ven @ Persistent hypotension following induction ... 
week’s rest for assessment and preparation. Sh 

orter operations ; 
Operation was postponed in the presence of upper Operations by locum surgeon 
respiratory infection or unexplained pyrexia. 
Routine premedication included papaveretum Elective spinal (chest 
mg and hyoscine 0.4 mg, preceded by pentobar- Elective spinal anaesthesia (liver disease) 
bitone 90 mg; and chlorpromazine 25 mg by History of previous phlebitis ... 
mouth. Patients over 70 years were given levor- 
phanol (Dromoran) 2 mg with atropine sulphate 


TABLE II 
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FIG, 1 


MAAN AAT 
No. of cases 0 6 117 345 247 172 103 10 0 


in figures 


0.6 mg subcutaneously, preceded by prometha- 
zine 25 mg with chlorpromazine 25 mg. Later, 
pecazine 50 mg was given instead of chlorproma- 
zine. A_ thiopentone-suxamethonium chloride, 
nitrous oxide and oxygen sequence was used with 
gallamine or tubocurarine chloride. A cuffed oro- 
tracheal tube was passed and an indwelling 
Mitchell needle was used. The patient was kept 
in or on the verge of apnoea. Forty per cent of 
patients received supplementary doses of levor- 
phanol or pethidine. The majority were ventilated 
with a mixture of nitrous oxide with oxygen by a 
modified Beaver machine coupled to the Coxeter 
Mushin circle absorber. 

A moderate (10°--12°) head-down tilt was then 
adopted and as soon as maintenance was estab- 
lished, hexamethonium bromide (Vegolysen) was 
given intravenously with the object of reducing 
the systolic blood pressure to the region of 70-75 
mm Hg. 

Control of hypotension. 

The blood pressure changes were followed by 
a brachial cuff and stethoscope and were charted 
throughout operation and for 4 hours afterwards. 
Later an oscillometer proved most useful in the 
operating theatre; it gives a sensitive index of the 
behaviour of the pulse at reduced pressures. Fol- 
lowing a test dose, hexamethonium bromide 100 
mg was given to fit patients. Not more than 50 
mg was given to patients of poor physique, those 
over 70 years of age or those showing severe falls 
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of systolic pressure on induction. In 36 of the 
earlier cases, pentolinium tartrate (Ansolysen) in 
a dose of up to 25 mg was used as the main agent. 
Hypertensive patients (39 per cent) may have a 
labile pressure and require reduced dosage; they 
may not tolerate, or need, so great a degree of 
hypotension. In 302 patients further measures 
were necessary to increase or prolong the hypo- 
tension. Pentolinium tartrate was used in 36 cases, 
methyl n-propyl ether in 209, decamethonium 
iodide or procaine amide occasionally. Later halo- 
thane was used in 35 patients. Postoperatively a 
head-down tilt was maintained in the ward until 
the pressure rose to 90 mm Hg. From this point 
a rapid return was prevented, as far as possible, 
by raising the head of the bed as the pressure 
increased. It was routine practice to give oxygen 
by B.L.B. mask during the recovery period. 


Excessive fall of blood pressure. 

Falls below 50 mm Hg systolic occurred in 59 
patients. In this event the oxygen content of the 
anaesthetic mixture was immediately increased 
and the carbon dioxide absorber was cut out of 
circuit. When the severe fall persisted, 150-200 
ml of saline or dextran solution was given rapidly 
through the indwelling intravenous needle using 
a 20-ml syringe (7 cases). This produced an 
immediate response by increasing the venous 
return to the heart and enabled a precise control 
of the hypotension to be maintained. Methyl- 
amphetamine or methoxamine hydrochloride 
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was given to 12 patients earlier in the series but 
it has been found that vasopressor drugs are 
better avoided if possible. 

Patients undergoing more severe operations, 
such as Wertheim hysterectomy or radical vulvec- 
tomy, were given blood transfusion routinely as 4 
supporting measure during operation. Those with 
haemoglobin levels below 55 per cent on admis- 
sion were also transfused, usually before operation 
(59 cases in all). Emergency transfusions were 
necessary in 7 cases during operation. Six of these 
were complicated or long hysterectomies. Trans- 
fusion was necessary after operation in 6 patients 
for the treatment of secondary haemorrhage. 


Effect on the operating field. 

On a clinical assessment the field was judged 
as follows: “Dry” when the field was not 
obscured by a continuous ooze and pooling did 
not occur. “Fair” when an initially dry field 
deteriorated and when further measures were 
necessary to improve operating conditions. “Wet” 
when the field was apparently unaffected and suc- 
tion often necessary. These patients were usually 
of stronger physique or heavier build. 

According to this classification 87.9 per cent 
were regarded as “dry”, 10.5 per cent as “fair”, 
and only 1.6 per cent as “wet”. 


Postoperative condition. 

The general condition of patients during the 
early postoperative period was strikingly good and 
classical shock was not seen. The skin was 
warm and dry with some pallor of the face but 
the ears and nail-beds were of good colour. The 
pulse was usually 70-80/min and continued in 
this range. Protection against operative shock 
is felt to be a valuable feature of the method 
and has led us at times deliberately to produce an 
autonomic block in other operations in order to 
gain this advantage as distinct from any diminu- 
tion in blood loss. 


Complications. 

Three deaths occurred. Two were due to pul- 
monary embolism and the third to bronchopneu- 
monia following intestinal obstruction due to 
adhesions after hysterectomy for endometriosis in 
a poor subject. 

A total of 89 other complications occurred in 
76 patients (table III). Thirty cases of postopera- 
tive haemorrhage occurred; of these, 3 were 
reactionary, 16 secondary (after the 3rd day), 
while 11 had haematomata in the wound or 
vaginal vault, often small and sometimes pre- 
senting as late wound sepsis. 


TaBLe II 
Postoperative complications: hypotensive series, Leaf Hospital, Eastbourne. 


haemorrhage 
Haematomata 


operations 
Reactionary 


(wound or vault) 


(already included) 


Secondary 
haemorrhage 
Venous 
thrombosis 
Pulmonary 
embolism 
Chest 
complications 
Deaths 


Operations for prolapse: 
Vaginal hysterectomies with repair 
Other plastic repairs 


Abdominal total hysterectomiest 


oo 


Totals for comparison with Table IV 


os 


Add 
Wertheim hysterectomies 
Others 


All cases 
Percentage 


0.3 1.1 


16 
1.6 2.0 


+ Including 2 subtotal hysterectomies. 
Deaths are included under complications. 


Gynaecological sepsis (6 cases) and mild urinary infections are omitted. 


* One fatal. 
** Two fatal. 


5, 
28 il 16 17 (3) 82 
3 
31 1 1 1 
a 


48 


Thrombosis of leg veins occurred in 20 patients, 
10 being superficial and of minor degree. Pul- 
monary embolism occurred in 9 patients, 2 being 
fatal. Chest complications totalled 18. These in- 
cluded bronchitis (10 cases), pulmonary collapse 
(4 cases) and bronchopneumonia (4 cases of which 
1 was fatal). 

The 12 other complications included mumps, 
foot-drop, polyneuritis, mild cardiac decompensa- 
tion in a poor risk patient, acute glaucoma, suxa- 
methonium apnoea (55 min) and 6 surgical com- 
plications. These comprised 2 cases of obstruc- 
tion by adhesions; uraemia with ileus following 
Wertheim hysterectomy, haematemesis associated 
with hiatus hernia and 2 instances of burst abdo- 
men. 

It is noteworthy that of these 89 complications, 
10 occurred in 8 of the 59 patients in which the 
systolic blood pressure fell below 50 mm Hg at 
some stage of the operation; an incidence of 17 
per cent compared with 8.9 per cent. 


DISCUSSION 

The mortality of major gynaecological operations 
reported by various workers falls generally within 
the range of 0.25 per cent to 1.5 per cent. Green- 
hill (1951) quotes 1.3 per cent, Erskine and Shires 
(1945) quote 1.04 per cent while Johnson and 
Burman (1953) report 0.37 per cent in a series 
of 538 hysterectomies, of which approximately 
one-third were vaginal and two-thirds were total 
abdominal. At the Samaritan Hospital for 
Women, London, during the years 1948-50 the 
death rate after abdominal hysterectomy was 0.7 
per cent and after all operations for prolapse 0.5 
per cent. The corresponding figures for the period 
1952-54 were 0.47 per cent and 0.27 per cent. In 
the series here presented they were 0.44 per cent 
and 0.21 per cent respectively. 

Published figures for fatal pulmonary embolism 
vary from such incidences as 0.4 per cent (Erskine, 
1945) and 0.25 per cent (Barker, 1940) following 
hysterectomies, to a general incidence of 0.18 per 
cent (Haines, 1951, in 30,000 operations, Chelsea 
Hospital for Women) and 0.04 per cent (Stall- 
worthy, 1954, 11,000 operations, Oxford). In the 
present series of major cases the figure was 0.2 per 
cent. 

In respect of venous thrombosis, Stallworthy 
(1954) in a comprehensive review quotes an 
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incidence of 1.33 per cent following hysterectomies 
(Campbell and Blahey, 1950, Montreal General 
Hospital), also 4 per cent (Barker, Mayo Clinic, 
1940-41) and as high as 5 per cent following 
gynaecological operations and prostatectomies 
(Murray, 1950). The overall incidence in the 
present series was 2 per cent. 


A comparable series without hypotension. 

In respect of the complications following total 
abdominal hysterectomies and operations for pro- 
lapse only (928 cases), it is felt that the present 
series is comparable with figures reported from 
the Samaritan Hospital for Women for the years 
1948-50 (table IV), as similar methods were used 
and the results were assessed by the same surgeon 
(Mr. E. Harford-Rees). 

It is seen that the total complication rate is 
lower for the Leaf Hospital series in all types of 
operation (table V) but this is only significant at 
the 1 per cent level for the total incidence and, on 
breakdown, for the group of abdominal hysterec- 
tomies. 

The reduction in the incidence of postoperative 
haemorrhage is highly significant and there is a 
lower incidence of secondary haemorrhage (table 
VI). The differences in the incidences of reac- 
tionary haemorrhage and embolism in the two 
series may be due to chance but in respect of 
venous thrombosis there is a tendency towards an 
increase in the Leaf Hospital series (P = 0.038). 


CONCLUSIONS 


It is known that hypotension due to the vasodila- 
tion caused by autonomic block differs radically 
from that occurring in shock states. It can be con- 
cluded that the resulting improvement in the 
surgical field in major gynaecological operations 
is not made to the detriment of the patient pro- 
vided that a head-down tilt is adopted (10° is 
adequate); the lungs are abundantly oxygenated 
and the alveolar carbon dioxide tension is kept 
normal or, preferably, subnormal; and that the 
systolic pressure is kept above 50 mm Hg as an 
absolute minimum value using the head-down tilt. 
Sometimes a poor pulse will indicate that a sys- 
tolic pressure of 80 or 90 mm Hg is too low in a 
normally hypertensive patient. 

This is in accord with the general views of 
Voorhoeve and Baars (1953) who also reported a 
prolongation of recovery time which was not 
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TABLE IV 
Postoperative complications: Samaritan Hospital for Women, London. 
Comparable series (1948-50) — not under induced hypotension. 


No. of 
operations 
Reactionary 
haemorrhage 
Haematomata 
(wound or vault) 
Secondary 
haemorrhage 
Venous 
thrombosis 
Pulmonary 
embolism 
(already included) 
Totals 


Operations for prolapse: 
Vaginal hysterectomies with repair 
Plastic repairs 
Abdominal total hysterectomies 
Total 1 
Percentage 


~ Deaths are included under complications. 
Gynaecological sepsis (30 cases) and urinary infections are omitted. 
* 1 fatal. ** 2 fatal. 


* 


23 

12 

42 
4.17 


14 
13.71 


18 
26 
2.55 


17 
29 
2.83 


0 
4 
6 
0 


69 0.69 (0.59) 12.9 


0.98 


*** 3 fatal. 


TABLE V 
Comparison of total complication rates. 


Significance 
at 1% level 
(p<0.01) 


_ Not 
significant 
Not 
significant 

_ Not 
significant 
Significant 


Percentage 
difference 
Complications Per cent Leaf/Control 


39 8.21 —3.40 
69 11.61 
24 7.67 
41 10.50 
15 9.26 
28 13.66 
43 9.49 
66 15.53 
82 
135 


No. of 
Hospital cases 
475 
595 
313 
390 
162 
205 
453 
425 


928 
1020 


Source 


All operations for prolapse Leaf 
Control 


Leaf 
Control 
Leaf 
Control 
Leaf 
Control 
Leaf 
Control 


Plastic repairs —2.83 
Vaginal hysterectomy with repair —4.40 


Total hysterectomies —6.04 
Significant 


Total incidence 8.84 
13.23 * 


TABLE VI 
Comparison of incidence of individual complications. 
Leaf Hospital: 928 cases. Control Series: 1,020 cases. 


Percentage 
No. of difference 
cases Per cent Leaf/Control 


+1.13 


Significance 
at 1% level 
(p<0.01) 
Not 
significant 
Not 
significant 
Highly 


Hospital 


Leaf 
Control 


Leaf 
Control 


Complication 


Venous thrombosis 


Pulmonary embolism -+0.17 


—4,71 


Postoperative haemorrhages Leaf 
Control 


comprising: 
Reactionary haemorrhage Leaf 
Control 
Haematomata Leaf 


Control 
Secondary haemorrhage Leaf 


Control 


Of 
SR SB 


—0.66 
—1.65 
—2.41 


significant 


(p<0.001) 


Not . 
significant 
Not 
significant 
Significant 
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found in the present series, but they remarked on 
the well-being of patients during the postoperative 
period which was noted. As in prostatic surgery, 
age alone is no bar to the use of this technique 
(Rollason and Hough, 1960a, b) although in the 
elderly a lesser degree of hypotension may be 
advisable or required, and dosage should be very 
much smaller. 

It has been found that the method offers oppor- 
tunities for better and more rapid surgery and 
although it does not release the surgeon from the 
obligation of securing haemostasis, it makes his 
task less arduous. There is also less need for blood 
transfusions. 

The patients in this series were treated in a 
compact unit where close liaison between the 
wards and theatre was easy to maintain and the 
staff were familiar with the technique. It has be- 
come in this unit the procedure of choice in major 
cases. A history of coronary disease, phlebitis or 
embolism is not now regarded as being of itself a 
contraindication. On the other hand, a reduced 
blood volume and respiratory incapacity are con- 
sidered to be contraindicat ons. 

Although the effect of hexamethonium bromide 
on the blood pressure is rather unpredictable, the 
duration of its action is suited to this type of 
surgery and the continuation of this for several 
hours is felt to give protection against haemor- 
rhage by allowing control by posture enough to 
avoid a sudden return of pressure after operation. 


SUMMARY 

A review is presented of 1,000 major gynaeco- 
logical operations in which induced hypotension 
was used as a routine. Hexamethonium bromide 
was used in nearly all cases. Operating conditions 
were greatly improved in 88 per cent of patients 
and the early postoperative condition and absence 
of surgical shock were gratifying. 

Emergency transfusions numbered 13, and 
non-urgent 59. Eighty-nine complications occur- 
red in 76 patients with 3 deaths; 2 were due to 
embolism and 1 to pneumonia. There were no 
cases of cerebral or coronary thrombosis. 

In comparison with a similar series without in- 
duced hypotension, both the total complication 


BRITISH JOURNAL OF ANAESTHESIA 


rate and the incidence of postoperative haemor- 
rhage were significantly lower. There was a tend- 
ency towards an increase in the incidence of 
venous thrombosis but the rate was not above 


average for this type of surgery. 
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SERNYL ANALGESIA FOR CHILDREN’S BURN DRESSINGS 
A Preliminary Communication 


BY 


B. J. Murr, V. Evans AND J. J. MuLcany 
The Burns Unit, Booth Hall Children’s Hospital, Manchester, England 


Major burns often require dressings before the 
eschar is removed and before and after the graft- 
ing procedures. Infected burns, particularly where 
pus is present, may need daily dressings. Removal 
of the dressings, swabbing and cleaning of the 
raw areas, and the application of cleansing solu- 
tions are very painful and very frightening to 
young children. Woodward (1959) found lasting 
emotional disturbances in 81 per cent of children 
treated as in-patients for burns involving more 
than 10 per cent of the surface area. The ordeal 
of painful dressings carried out in the glare of a 
frightening theatre, where a child may see its 
appalling injuries for the first time, must be a 
major cause of these disturbances. 

General anaesthesia has been recommended for 
burns dressings: nitrous oxide and trichloroethy- 
lene (Smith, 1959); cyclopropane (Shannon, 1955; 
Lamont and Grimshaw, 1957); halothane (Visser 
and Tarrow, 1959). 

General anaesthesia allows the most effective 
and vigorous dressings to be performed with the 
least emotional upset to the child. Unfortunately 
the children most likely to require repeated major 
dressings are those most likely to suffer from the 
complications of burns, such as septicaemia, endo- 
carditis, bronchopneumonia, and atelectasis. 
These complications make the administration of 
repeated anaesthetics most unwise. Disturbance of 
nutrition by the pre-operative starvation and the 
postoperative nausea associated with general 
anaesthesia will retard recovery. 

Sutherland (1959) found that weight loss on a 
normal and higher than normal intake of food 
occurred in children with burns of over 20 per 
cent, and recommended a calorie intake of one 
and a half times normal. It would be quite impos- 
sible to maintain this high intake even if dressings 
could be arranged early in the morning to follow 
the normal overnight starvation. 

Allen and Slocum (1952) obtained adequate 
pain relief with minimal disturbance to nutrition 
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with nitrous oxide and oxygen analgesia, without 
premedication. 

Hypnosis has been used in adults and Crasil- 
neck et al. (1955) have used post-hypnotic sug- 
gestion to improve appetite. 

In this unit all these methods except hypnosis 
have been used. Nitrous oxide and air analgesia 
was a complete failure. Nitrous oxide and oxygen 
analgesia has been used successfully on a number 
of occasions but a shortage of trained anaesthetists 
has made its routine use impracticable. Intra- 
venous pethidine was moderately effective but not 
sufficiently convincing for routine use. It therefore 
became the practice to perform the dressings 
without analgesia or sedation. A few particularly 
painful or delicate dressings were performed 
under general anaesthesia. There is no doubt that 
the children dressed without anaesthesia or anal- 
gesia suffered unduly and that the dressings were 
often inadequate. 

A search was made for a powerful analgesic, 
preferably also capable of producing amnesia, 
with a short duration of action, free from toxicity 
and side effects, and which produced no reflex 
depression. Sernyl* (Chen et al., 1959; Greifen- 
stein et al., 1958; Johnstone, Evans and Baigel, 
1959) appeared to fit these requirements. It is an 
analgesic, of sufficient potency to allow skin graft- 
ing and other operations to be performed pain- 
lessly and without memory of the procedure. It is 
nontoxic and causes no cardiovascular or respira- 
tory depression, nor does it depress the 
pharyngeal and laryngeal reflexes. It can be safely 
used in elderly patients when opiates or other 
agents would be contra-indicated. 

The value of the analgesic action of Sernyl is 
lessened to some extent by a high incidence of 


*Sernyl (CI-395), 1-(1-phenylcyclohexyl) piperidine 
monohydrochloride, is an analgesic agent synthesized 
by Parke Davis and Company, in Detroit. 
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found in the present series, but they remarked on 
the well-being of patients during the postoperative 
period which was noted. As in prostatic surgery, 
age alone is no bar to the use of this technique 
(Rollason and Hough, 1960a, b) although in the 
elderly a lesser degree of hypotension may be 
advisable or required, and dosage should be very 
much smaller. 

It has been found that the method offers oppor- 
tunities for better and more rapid surgery and 
although it does not release the surgeon from the 
obligation of securing haemostasis, it makes his 
task less arduous. There is also less need for blood 
transfusions. 

The patients in this series were treated in a 
compact unit where close liaison between the 
wards and theatre was easy to maintain and the 
staff were familiar with the technique. It has be- 
come in this unit the procedure of choice in major 
cases. A history of coronary disease, phlebitis or 
embolism is not now regarded as being of itself a 
contraindication. On the other hand, a reduced 
blood volume and respiratory incapacity are con- 
sidered to be contraindications. 

Although the effect of hexamethonium bromide 
on the blood pressure is rather unpredictable, the 
duration of its action is suited to this type of 
surgery and the continuation of this for several 
hours is felt to give protection against haemor- 
rhage by allowing control by posture enough to 
avoid a sudden return of pressure after operation. 


SUMMARY 


A review is presented of 1,000 major gynaeco- 
logical operations in which induced hypotension 
was used as a routine. Hexamethonium bromide 
was used in nearly all cases. Operating conditions 
were greatly improved in 88 per cent of patients 
and the early postoperative condition and absence 
of surgical shock were gratifying. 

Emergency transfusions numbered 13, and 
non-urgent 59. Eighty-nine complications occur- 
red in 76 patients with 3 deaths; 2 were due to 
embolism and 1 to pneumonia. There were no 
cases of cerebral or coronary thrombosis. 

In comparison with a similar series without in- 
duced hypotension, both the total complication 
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rate and the incidence of postoperative haemor- 
rhage were significantly lower. There was a tend- 
ency towards an increase in the incidence of 
venous thrombosis but the rate was not above 
average for this type of surgery. 
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Major burns often require dressings before the 
eschar is removed and before and after the graft- 
ing procedures. Infected burns, particularly where 
pus is present, may need daily dressings. Removal 
of the dressings, swabbing and cleaning of the 
raw areas, and the application of cleansing solu- 
tions are very painful and very frightening to 
young children. Woodward (1959) found lasting 
emotional disturbances in 81 per cent of children 
treated as in-patients for burns involving more 
than 10 per cent of the surface area. The ordeal 
of painful dressings carried out in the glare of a 
frightening theatre, where a child may see its 
appalling injuries for the first time, must be a 
major cause of these disturbances. 

General anaesthesia has been recommended for 
burns dressings: nitrous oxide and trichloroethy- 
lene (Smith, 1959); cyclopropane (Shannon, 1955; 
Lamont and Grimshaw, 1957); halothane (Visser 
and Tarrow, 1959). 

General anaesthesia allows the most effective 
and vigorous dressings to be performed with the 
least emotional upset to the child. Unfortunately 
the children most likely to require repeated major 
dressings are those most likely to suffer from the 
complications of burns, such as septicaemia, endo- 
carditis, bronchopneumonia, and atelectasis. 
These complications make the administration of 
repeated anaesthetics most unwise. Disturbance of 
nutrition by the pre-operative starvation and the 
postoperative nausea associated with general 
anaesthesia will retard recovery. 

Sutherland (1959) found that weight loss on a 
normal and higher than normal intake of food 
occurred in children with burns of over 20 per 
cent, and recommended a calorie intake of one 
and a half times normal. It would be quite impos- 
sible to maintain this high intake even if dressings 
could be arranged early in the morning to follow 
the normal overnight starvation. 

Allen and Slocum (1952) obtained adequate 
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with nitrous oxide and oxygen analgesia, without 
premedication. 

Hypnosis has been used in adults and Crasil- 
neck et al. (1955) have used post-hypnotic sug- 
gestion to improve appetite. 

In this unit all these methods except hypnosis 
have been used. Nitrous oxide and air analgesia 
was a complete failure. Nitrous oxide and oxygen 
analgesia has been used successfully on a number 
of occasions but a shortage of trained anaesthetists 
has made its routine use impracticable. Intra- 
venous pethidine was moderately effective but not 
sufficiently convincing for routine use. It therefore 
became the practice to perform the dressings 
without analgesia or sedation. A few particularly 
painful or delicate dressings were performed 
under general anaesthesia. There is no doubt that 
the children dressed without anaesthesia or anal- 
gesia suffered unduly and that the dressings were 
often inadequate. 

A search was made for a powerful analgesic, 
preferably also capable of producing amnesia, 
with a short duration of action, free from toxicity 
and side effects, and which produced no reflex 
depression. Sernyl* (Chen et al., 1959; Greifen- 
stein et al., 1958; Johnstone, Evans and Baigel, 
1959) appeared to fit these requirements. It is an 
analgesic, of sufficient potency to allow skin graft- 
ing and other operations to be performed pain- 
lessly and without memory of the procedure. It is 
nontoxic and causes no cardiovascular or respira- 
tory depression, nor does it depress the 
pharyngeal and laryngeal reflexes. It can be safely 
used in elderly patients when opiates or other 
agents would be contra-indicated. 

The value of the analgesic action of Sernyl is 
lessened to some extent by a high incidence of 


*Sernyl (CI-395), 1-(1-phenyleyclohexyl) piperidine 
monohydrochloride, is an analgesic agent synthesized 
by Parke Davis and Company, in Detroit. 
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hallucinations and of noisy delirium. This is par- 
ticularly seen in young and middle-aged adults. 
This complication is encountered much less fre- 
quently in the aged (Johnstone, Evans, and Baigel, 
1959). Sernyl administered intravenously to rab- 
bits, cats, dogs and monkeys, induces a quiet, 
calm and cataleptoid state (Chen et al., 1959). 

It was suggested to the writers that this 
difference in action between the young human 
and the aged and the young adult human and the 
animals could be explained phylogenetically. 
Sernyl may produce these side effects by an action 
on recently developed pathways not present in the 
lower animals, not fully developed in the child, 
and which perhaps have deteriorated in the aged 
(Johnstone, M., personal communication). 

It was considered that the pain and distress 
suffered by these children, which was unrelieved 
by conventional analgesics, justified the trial of 
Sernyl, even at the risk of encountering hallucina- 
tory side effects. 

METHOD 
Sernyl was given to all children requiring painful 
dressings. In order to obtain the maximum effect 
consistent with the shortest recovery time, it was 
given intravenously. No pre-operative preparation 
was carried out and in some instances, when an 
operating list had been delayed, Sernyl was given 
during or immediately after the midday meal. It 
was given in the cot on the ward in a dose of 
0.25 mg to 0.3 mg/kg body weight and after 1 to 
2 minutes the child was moved to the operating 
theatre and the burn was dressed. The largest 
single dose was 10 mg and was given to a 13-year- 
old child. 
RESULTS 

Sernyl was given to 50 children, ranging in age 
from 6 weeks to 14 years on 104 occasions. Satis- 
factory analgesia was obtained in 81 administra- 
tions, partial analgesia in 17, and no analgesia in 
6 administrations (table I). 
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Analgesia was judged to be satisfactory when 
the child apparently felt no pain and had no 
memory of any painful or distressing procedure. 
The analgesia was such that skin grafting was 
performed on 3 occasions. The dressings were 
performed so satisfactorily that operations for the 
removal of sloughs were seldom necessary. 

The changes observed by Greifenstein et al. 
(1958) were noted, including slight changes in 
pulse and respiration and a rise in blood pressure. 
To avoid disturbing the children or causing pain in 
the severely burned, blood pressure readings were 
not taken routinely before the administration of 
Sernyl. The systolic blood pressure was recorded 
on 25 occasions. A rise in systolic pressure was 
found on each occasion; the greatest increase was 
from 110 mm Hg to 140 mm Hg. Nystagmus 
occurred in all patients and salivation was com- 
mon. In one child salivation was so profuse that 
oral aspiration was required. This child was eating 
his lunch when the dressing was started. 

With the dose of 0.25 mg to 0.3 mg/kg body 
weight most children reached the cataleptoid state 
and analgesia was complete. Some children re- 
mained half-awake, mumbling or singing; in 
some analgesia was complete, in others inade- 
quate. 

Some of the failures may have been due 
to difficulty in venepuncture and incomplete 
injection, and some to inadequate dosage. An in- 
crease in the dose gave satisfactory analgesia in 6 
children in whom previous smaller doses had pro- 
duced little or no analgesia. Some children were 
not weighed and estimates of their weight may 
have been inaccurate. 

Shortly after the dressing the children 
under 5 years old fell asleep, waking normally in 
about 2 hours, when they were ready and willing 
to eat. Some of the children over 5 slept, some 
mumbled or sang, and a few were restless for 
2 or 3 hours. Two children, aged 11 and 8, 
vomited in the recovery period. 


TABLE I 
Results with Sernyl analgesia 
Total number of Satisfactory Partial No 
administrations analgesia analgesia analgesia 
All children 104 81 17 6 
Children over 5 years 47 38 7 > 
Children under § years 57 43 10 4 
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Side effects or some disturbance in the recovery 
period occurred in the following children: 


Hallucinations not unpleas- 
ant. “In Heaven”, “on a 
roundabout”. 

Intelligent and very appre- 
hensive. 

Frightening _ hallucinations. 
Felt dead, distortions of 
body image. 

Felt unhappy and cried for 
an hour. 

Pleasant hallucinations which 
she liked. 

Felt strange but not upset. 
Felt strange and cried for 3 
hours. 

Noisy and abusive for 2 
hours. No memory of this. 
Cried in recovery period. 
Cried in recovery period. 
Cried for 2 hours. 


Linda F., aged 11. 


Michael M., aged 11. 


Christine T., aged 10. 
Sheila C., aged 9. 


June P., aged 9. 
June M., aged 8. 


David R., aged 7. 


Pauline W., aged 6. 
Jill B., aged 3. 
Nigel J., aged 2. 
It is interesting to notice the much higher in- 
cidence of disturbance in the recovery period in 
the older children (fig. 1). Children who had been 
given Sernyl once would ask for Sernyl for sub- 
sequent dressings even for relatively minor pro- 
cedures. One child (Michael M.) asked not to be 
given Sernyl after the third dressing but as the 
dressing was started he demanded Sernyl. In view 
of his disturbing hallucinations he was given a 
general anaesthetic on this and subsequent occa- 
sions. 
CHILDREN HALLUCINATED 
CRYING & RESTLESS 
AFTER SERNYL 
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CHILDREN GIVEN SERNYL 
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SUMMARY AND CONCLUSIONS 


Sernyl has been given to 50 children to relieve 
the pain and anxiety caused by changes of burns 
dressings. Complete analgesia was obtained in 78 
per cent of administrations. This degree of anal- 
gesia has allowed vigorous wound cleaning, re- 
moval of dead tissue and skin grafting to be per- 
formed. The children have had no memory of the 
dressing. Incomplete analgesia was thought to be 
due to incomplete injection or inadequate dosage. 
Crying in the recovery period, which could have 
been caused by Sernyl occurred in 6 per cent of 
the children under 5 years. Crying, hallucinations 
or delirium occurred in 50 per cent of the children 
over 5 years. 

This preliminary trial suggests that Sernyl is a 
safe analgesic for the changing of burns dressings 
in young children. Although there was a high 
incidence of side effects in the older children, few 
were serious and Sernyl merits further trial. 
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AN APPARATUS FOR ADMINISTERING KNOWN CONCENTRATIONS OF 
VOLATILE ANAESTHETICS TO SMALL LABORATORY ANIMALS 


BY 


A. J. M. Reese anv J. F. Nunn 


From the Department of Pathology and the Research Department of Anaesthetics, 
Royal College of Surgeons of England, London, W.C.2, England 


IN recent years, a number of § satisfactory 
vaporizers have been produced which deliver 
known concentrations of anaesthetic vapours for 
use in man. Such vaporizers either hold the tem- 
perature of the liquid constant (Epstein, Macin- 
tosh and Mendelssohn, 1941) or compensate 
mechanically for changes in temperature (Epstein, 
1958; MacKay, 1957). These will not deliver the 
small flows required for rats and mice, neither 
are they generally designed for use with more 
than one agent. 

Raventés (1956) and Burn, Epstein and Good- 
ford (1959) when investigating the effect of haio- 
thane and allied drugs on small animals used an 
apparatus modified from Kochmann (1912). 
Mercury, introduced by a continuous injection 
device into a vessel full of the liquid anaesthetic, 
displaced the volatile liquid into a warm vaporiz- 
ing chamber through which passed a known flow 
of carrier gas. As this is a very cumbersome 
apparatus, we have devised a miniature version of 
the vaporizer described by Morris (1952). Pro- 
vided the temperature of the liquid in this 
vaporizer is controlled, it will provide known 
concentrations of different volatile anaesthetic 
agents with accuracy. 

REQUIREMENTS 


The apparatus was needed primarily to administer 
chloroform and halothane to rats. The require- 
ments were as follows: 

(1) There should be no hypoxia. Experiments 
were being performed to investigate liver secre- 
tion under anaesthesia and liver secretion is 
affected by hypoxia (Reese, 1960). Therefore oxy- 
gen was chosen as the carrier gas so that hypoxia 
could not occur even in the presence of respiratory 
depression. 


(2) The concentration of vapour inhaled by the 
animal should be known to within 0.2 per cent. 
To this end a measured stream of oxygen was 
bubbied through the liquid anaesthetic kept at 
0°C so that it became saturated with vapour at 
this temperature. The effluent was then mixed 
with a second measured stream of pure oxygen 
to dilute it to the strength required for the par- 
ticular experiment. Knowing the vapour pressure 
of the drug at 0°C and the barometric pressure, 
the concentration of vapour in the mixture could 
be calculated. 

(3) The animal should encounter no undue 
resistance to breathing, neither should there be 
undue rebreathing. For an animal the size of the 
rat the simplest way to minimize respiratory re- 
sistance is to use the Ayre’s T-piece (Ayre, 1937). 
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Fic. 1 
Diagram of respiratory excursion. 


With this arrangement rebreathing is prevented 
by a fresh gas flow rate in excess of the peak 
inspiratory flow rate of the animal. With its high 
respiratory frequency, it may be assumed that the 
respiratory excursion of the rat resembles a piston 
P moving with simple harmonic motion (fig. 1). 
The length of the stroke is from B to C = 2a. At 
any moment, let the piston be distant x from 0, 
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the midpoint of the excursion. The velocity V of of halothane or 7.9 per cent of chloroform. The 


the piston is given by: 
V = 2af/a* - x’ 

where f is the number of strokes per minute. V is 
a maximum where x = 0, thus: 

V max = 2nfa = 1x f x stroke. 
If the area of the piston is A, then: 

V maxx A = 1xf (Ax stroke). 
Thus the peak flow rate is 2 x minute volume. 
The tidal air of 11 anaesthetized rats was mea- 
sured by observing the excursion of a soap film 
in the barrel of a 2-ml glass hypodermic syringe 
connected to the endotracheal tube. It varied be- 
tween 0.9 and 1.3 ml with an average of 1.07 ml. 
The average number of respirations per minute 
was 70 but if the animal was inhaling a halogen- 
containing anaesthetic it could rise to 140. With 
a respiratory rate of 140 and a tidal air of 1.3 ml, 
a x minute volume is 573 ml. To prevent re- 
breathing, a flow rate of 750 ml of gas was usually 
employed. 

The vapour pressure of chloroform at 0°C is 
60 mm Hg and of halothane is 96.5 mm. Assum- 
ing the barometric pressure to be 760 mm, the 
stream of gas which has passed through the 
vaporizer will, if saturated, contain 12.7 per cent 


dose needed for most experiments is of the order 
of 1 to 3 per cent of these drugs, requiring a 
dilution ranging from 1 in 12 to 1 in 2.5. The 
flow rates for the vaporizer stream have to be 
between 50 and 300 ml/min and for the diluent 
stream between 450 and 700 ml/min for a total 
flow rate of 750 ml/min. 


THE APPARATUS 


A diagram of the apparatus is shown in figure 2. 
The carrier gas, oxygen, was divided into two 
streams, each controlled by a needle valve before 
it passed through a flowmeter. Flow rates were 
required for which oxygen rotameters were not 
readily available. A water depression flowmeter 
was found suitable for the stream passing through 
the vaporizer. Using a glass capillary tube with a 
bore of 0.05 cm and a length of 3.2 cm, a linear 
calibration was obtained for flow rates between 
55 and 250 ml/min, corresponding to depressions 
of 2 to 12 cm. This straight line calibration was 
in accord with the observations of Schofield 
(1937) and Pask (1940). The flowmeter for the 
bypass was in fact a rotameter designed for cyclo- 
propane but it was recalibrated for oxygen with 
flow rates between 150 and 1,050 ml/min. 
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Fic. 2 
Diagram of the apparatus. 
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The vaporizer was a cylindrical copper vessel 
9 cm long and 3 cm in diameter, closed with a 
nylon bung and immersed in melting ice. Both 
inlet and outlet tubes were made of copper and 
the latter was brazed into a wider copper tube 
carrying the diluent gas stream. Apart from the 
polythene endotracheal tube inserted into the 
side-arm of the T-piece, materials which absorb 
anaesthetics were avoided. 


PERFORMANCE 


The accuracy of the apparatus depends on the 
temperature of the liquid remaining constant at 
0°C and on the issuing gas being saturated with 
the vapour of the anaesthetic at that temperature. 
The temperature of the liquid in the vaporizer 
was measured with a copper constantan thermo- 
couple with gas flow rates from 0 to 500 ml/min. 
The cooling is shown in figure 3; this is appre- 
ciable with ether which was vaporized in larger 
quantities than chloroform. The latent heat of 
vaporization per unit volume of vapour is not 
appreciably different for the two agents. 
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Fic. 3 
Depression of temperature of liquid in vaporizer with 
gas flow. 
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Relative saturation per cent of vapour compared with 
full saturation at actual temperature of liquid in 
vaporizer. 


~ I 
Beg | ~ 
< 
ETHER 
a 
100 200 300 400 joo 
ML PER MIN 
Fic. 5 


Relative saturation per cent of vapour compared with 
full saturation at 0°C. 


The relative saturation of vapour in the issuing 
gas was measured by determination of the dew 
point. The gas was passed through a U-tube 
immersed in alcohol, the temperature of which 
was gradually reduced by the addition of solid 
carbon dioxide. With chloroform there was a well 
marked end point, repeatable to within 0.2°C. 
Ether, however, did not form a dew on glass but 
condensation of liquid ether could be readily seen 
with a narrow bore U-tube. Figure 4 shows the 
relative saturation of the vapour compared with 
full saturation at the temperature of the liquid in 
the vaporizer. Figure 5 shows the sum of the two 
errors shown in figures 3 and 4. In practice, the 
gas flow through the vaporizer need seldom 
exceed 200 ml/min when chloroform vapour 
would be 99.6 per cent of the theoretical figure. 

The performance of the apparatus was finally 
tested with halothane using a Luft type infra-red 
analyzer calibrated by the vaporization of a known 
mass of halothane in a known volume of gas. The 
results are shown in table I. 


DISCUSSION 


Within a few months of the introduction of anaes- 
thetics into surgical practice, Snow (1847a) 
realized that the control of temperature was 
essential to obtain known proportions of air and 
vapour. He wrote: “All that was required to 
regulate the temperature of both the ether and the 
air, and consequently of the resulting mixture, 
was to bring them into proximity with substances 
having a good capacity for, and a good power of 
conducting, caloric. The first we have in water, 
the second in the metals” (Snow, 1848). Snow’s 
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TABLE | 
Performance of apparatus with halothane measured by infra-red analyzer. 
Flow rate Calculated Flow rate 
of oxygen volume of of oxygen 
through halothane through Total Expected Observed 
vaporizer vapour bypass effluent gas halothane halothane 
(ml/min) (ml/min) (ml/min) (ml/min) percentage percentage 
51.0 7.5 696.5 750 1.0 1.0 
102.0 15.0 633.0 750 2.0 pm 
153.0 22.5 574.5 750 3.0 3. 
204.0 30.0 516.0 750 4.0 4.1 
255.0 37.5 457.5 750 5.0 49 


ether inhaler consisted of a round tin box attached 
to a tube of flexible metal. “When used, the in- 
haler was to be put into a hand basin of water 
mixed to a particular temperature corresponding 
to the proportion of vapour that the operator 
might desire to give . . .” (Snow, 1847b). Epstein 
(1958) showed that a model of Snow’s inhaler 
was more consistent in its performance than many 
modern vaporizers. 

The “copper kettle” vaporizer of Morris (1952) 
has elaborate arrangements to ensure saturation of 
the vapour but the vessel is not immersed in water 
and therefore cools to an unknown and variable 
temperature in air. It can be seen from our results 
that with low gas flow rates, saturation can be 
achieved simply by bubbling carrier gas through 
the liquid in a plain cylindrical copper vessel, and 
it is easy to control its temperature by immersion 
of the vessel in water containing melting ice. It is 
not suggested that the apparatus described can 
replace temperature-compensated vaporizers for 
use in man, but for administering different anaes- 
thetics in known concentrations to small labora- 
tory animals it is simple and convenient. 


SUMMARY 
A vaporizer is described for administering known 
concentrations of different volatile anaesthetics to 
rats. The liquid anaesthetic is contained in a 
copper vessel kept at 0°C. The effluent gas is 
diluted to give the required concentration. The 
vaporizer is accurate to within 0.2 per cent. 


ACKNOWLEDGMENTS 


Our thanks are due to Mr. D. W. Hill for the infra- 
red analysis, to Mr. J. Hook for constructing the 
vaporizer, and to Miss D, C. Casselle for drawing the 
figures. We are indebted to Imperial Chemical Indus- 
tries Limited for liberal supplies of halothane 
(Fluothane). 


REFERENCES 


Ayre, P. (1937). Anaesthesia for intracranial opera- 
tion, a new technique, Lancet, 1, 561. 

Burn, J. H., Epstein, H. G., and Goodford, P. J. 
(1959). The properties of the anaesthetic substance 
1: 1: 2-trifluoro-1:2-dichlorethane. Brit. J, Anaesth., 
31, 518. 

Epstein, H. G. (1958). of inhalers for volatile 
anaesthetics. Brit. med. B , 18. 

—— Macintosh, R. R.., K. (1941). 
The Oxford Vaporiser No. 1. Lancet, 2, 62. 

Kochmann, M. (1912). Ueber kombinierte Narkose. 
1. Mitteilung: Ueber Narkoseapparate. Arch. int. 
Pharmacodyn., 22, 487. 

MacKay, I. M. (1957). Clinical evaluation of Fluothane 
with special reference to a controlled percentage 
vaporizer, Canad. Anaesth. Soc. J., 4, 235. 

Morris, L. E. (1952). A new vaporizer for liquid anes- 
thetic agents. Anesthesiology, 13, 587. 

Pask, E. A. (1940). Modified flow-meters for anaes- 
thetic gases. Lancet, 2, 680. 

Raventés, J. (1956). The action of Fluothane—a new 
volatile anaesthetic. Brit. J. Pharmacol., 11, 394. 

Reese, A. J. M. (1960). The effect of hypoxia on 
liver secretion studied by intravital fluorescence 
microscopy. Brit. J. exp. Path., 41, 527. 

Schofield, R. K. (1937). The errors of flow-meters and 
the advantages of a new type of constriction. 
Proc. R. Soc. Med., 1, 443. 

Snow, J. (1847a). On the inhalation of the vapour of 
ether in surgical operations, p. 15. London: John 
Churchill, 

—— (1847b). Apparatus for inhaling the vapour of 
ether. Lancet, 1, 121. 

——~ (1848). On the inhalation of the vapour of ether. 
Lond. med, Gaz., 3rd ser., 4, 498. 


i 
| 
3 
a 
Re 
5, 


Brit. J. Anaesth. (1961), 33, 58 


A CIRCLE ABSORBER FOR INFANTS 


Ian H. McDonaLp 


THE neonatal baby is best anaesthetized with 
nitrous oxide or cyclopropane, carbon dioxide 
elimination being obtained with a high flow-rate 
rather than by absorption through soda-lime. 
Children of 5 years and older are usually man- 
aged on an adult circuit when controlled respira- 
tion is mecessary, deadspace being adequately 
reduced by endotracheal intubation and by the 
use of a short connection to the Y-piece of the 
circle absorber. 

Many children between the ages of 12 months 
and 5 years are managed anaesthetically by a 
spontaneously breathing method with ether, halo- 
thane, or the azeotropic mixture of each, but 
those who have chest or abdomen opened are 
usually maintained in a closed or semiclosed cir- 
cuit with respiratory control. Without a good 
circle absorber it was our custom to use a small- 
sized Waters canister of 200 ml or 400 ml capacity 
in a to-and-fro circuit, but this had certain well- 
known disadvantages, the worst of which were 
the liability to inhale soda-lime dust and the 
increasing deadspace associated with the decreas- 
ing efficiency of the soda-lime. The circle absorber 


Fic. 1 
The complete absorption unit. 


Royal Children’s Hospital, Melbourne, Australia 


described overcomes these disadvantages and has 
the virtues of compactness and of allowing easy 
positioning near the patient. Figure 1 is an over- 
all view of the absorber and circuit. Figure 2 
shows the Y-piece which is directly adaptable to 
the mask for induction and to the endotracheal 
tube for maintenance of anaesthesia. The import- 
ant feature is the base plate and valve structure. 
The hollow metal box (4” x 24” x 3”) is divided 
by a vertical internal plate into two equal sections 
each of which has three ports. Superiorly each 
port attaches to an absorption canister of Waters 
type of 200 ml capacity. The lateral ports are for 
connection to the breathing bag (fig. 1), the 
corrugated tubing from which is connected to the 
one most accessible on the operating table, whilst 
the other port is closed by an interchangeable 
plug. Anteriorly the two ports open into uni- 
directional gravity-weighted disc valves of ex- 
tremely light pressed brass, which are electro- 
plated and accessible through removable perspex 
windows. The valves have anterior ports connect- 
ing to the corrugated tubing of the patient leads 
and on the expiratory limb is a manually operated 


Y-piece with mask and tube. 
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blow-off valve. The whole , attached to a base 
plate (6” x 6”) which is slid under the operating 
table mattress and can be positioned quite firmly 
on either side of the patient’s head or at the top 
of the table. 

The breathing bag is of approximately 250 ml 
capacity and is usually used with the open tail 
controlled by the anaesthetist’s hand. 

The Y-piece (fig. 2) has a nipple for the entry of 
anaesthetic gases from the gas machine. It has a 
rotating central piece carrying an adaptor which 
is directly attachable to both infant-sized mask 
and endotracheal tube, to the former by its ex- 
ternal taper and to the latter by an internal taper. 
There is therefore no intermediate connector be- 
tween Y-piece and tube, deadspace being as little 
as 1.5 ml. 

With a total canister volume of 400 ml and 
therefore an intergranular volume of 250 mi, the 
apparatus could, with a larger breathing bag, be 
used for patients of up to 30 kg body weight. We 
find that we rarely use it for children of more than 
15 or 20 kg and that the differential heating of 
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the two canisters gives a fair indication as to when 
the soda-lime in the proximal one is losing its 
efficiency. If so desired, one canister can be easily 
replaced by a longer length of rubber tubing. 

In the apparatus the metal tapers are of C.1.G.* 
pattern. The Y-piece and the canisters are stand- 
ard C.1.G. equipment and the unidirectional 
valves have been adapted from C.I.G. valves pre- 
viously used on a Renton-Orton infant absorber, 
which are of virtually the same type as the valves 
used on C.1L.G. adult absorbers. The corrugated 
breathing tubes are of Foregger pattern, of 4” 
bore and 18” length. 
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A TRANSISTORIZED INTEGRATOR 


BY 


J. A. THORNTON 
Guy’s Hospital Medical School, London, England 


Hii (1959) has suggested the use of an electronic 
integrator to eliminate the rather tedious and in- 
accurate estimation of volumes, previously 
obtained by measuring the area under flow rate 
curves with a planimeter. 

A transistorized instrument has been developed 
here for computing this integral and has been 
found to be reliable and accurate over the full 
range of inspired volur-es. 

The instrument has a time constant of 85 secs, 
an input impedence of 10° ohms., and a sensitivity 
of 100 »A/volt sec. This is suitable for use with 
a Fleisch pneumotachograph (1956), and South- 
ern Instruments capacitance manometer (Type 
G247), together with the standard Southern In- 
struments amplifier. The output can be fed into 
any suitable recorder. The integrator is light- 
weight, readily portable and measures 12” = 7” 

An example of the type of trace obtainable can 
be seen in the accompanying figure. Nitrogen per- 
centage, flow rate, and volume are simultaneously 
recorded after the inspiration of 100 per cent 
oxygen followed by full expiration. 

Circuit diagram and any further particulars can 


be obtained from the Medical Electronics Labora- 
tory, Guy’s Hospital. 
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Since 1948 we have manufactured Lignocaine 
preparations and marketed them under 

the brand name ‘Xylocaine’ — under licence from 
A. B. Astra of Sweden. It has now been agreed 
by Astra and us that we shall cease to use 

the word ‘Xylocaine’ on 31 December 1960. 

We shall, however, continue to manufacture 
Lignocaine and its preparations but from 

1 January 1961 we shall market them under our 


own brand name ‘Duncaine’. 
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